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ABSTRACT
KÔgan,  J e r r y ,  I I . ,  U . S . ,  S p r i n g ,  1981 Geology
A S e i s m i c  S u b - b o t t o m  P r o f i l i n g  S t udy  o f  Rec en t  S e d i m e n t a t i o n  i n  
F l a t h e a d  La ke ,  Montana
D i r e c t o r :  Dr .  Anthony Qamar
S e i s m i c  s u b - b o t t o m  p r o f i l e s  of  r e c e n t  s e d i m e n t s  i n  F l a t h e a d  Lake 
have  r e v e a l e d  s e v e r a l  t y p e s  o f  d e f o r med  s t r u c t u r e s  u n d e r l y i n g  a t w e n t y  
t o  t h i r t y  f o o t  t h i c k  package  o f  u n d i s t u r b e d  l a c u s t r i n e  d e p o s i t s .  The 
d i s t u r b e d  a r e a s  a r e  found  on g r a d u a l ,  1 t o  5 d e g r e e ,  s l o p e s  on e i t h e r  
s i d e  o f  a deep  n o r t h - s o u t h  t r o u g h  f o u n d  on t he  e a s t e r n  s i d e  o f  t h e  
l a k e .  S e d im e n t s  on t h e  b r o a d  s h e l f  l y i n g  t o  t he  wes t  of  t h e  t r o u g h  
g e n e r a l l y  a r e  u n de f o r i ued .  E r o s i o n a l  u n c o n f o r m i t i e s ,  t r u n c a t e d  b e d s ,  
d i s o r d e r e d  o r  c h a o t i c  z o n e s ,  and f o l d e d  and f r a g m e n t e d  l a y e r s  a r e  t h e  
p r i n c i p a l  t y p e s  o f  d e f o r m a t i o n .  Undeformed l a y e r s  u n d e r l y i n g  many o f  
t h e  s t r u c t u r e s  i n d i c a t e  t h a t  d i s r u p t i o n  was t he  d i r e c t  r e s u l t  of  
s u r f i c i a l  p r o c e s s e s  such  a s  b l o c k  s l u m p i n g ,  mass f l o w s ,  o r  e r o s i o n .  
S i m i l a r  s t y l e  f o l d i n g  of  l a r g e  p i l e s  o f  s e d i m e n t s  was p ro du ce d  by 
r a p i d  movement s .  D e f o r m a t i o n  a p p e a r s  t o  have  been c a u s e d  by s e v e r a l  
d i s c r e t e  e v e n t s .
S i i i i i l a r  e v e n t s  have  not  r e c u r r e d  d u r i n g  t h e  d e p o s i t i o n  o f  t h e  
u n d i s t u r b e d  s e d i m e n t a r y  d r a p e .  The s e d i m e n t a t i o n  r a t e  o f  t h e  l a k e  has  
n o t  y e t  been d e f i n i t i v e l y  d e t e r m i n e d .  A f a i r l y  h i g h  r a t e  o f  
s e d i m e n t a t i o n  (1 -  1 . 5  c m . / y r . )  has  been  s u g g e s t e d ,  and i f  i t  i s
c o r r e c t ,  t h e  d r a p e  would r e p r e s e n t  l e s s  t h a n  a t h o u s a n d  y e a r s  o f  
u n d i s t u r b e d  s e d i m e n t a t i o n .  In t h i s  c a s e  l a r g e  e a r t h q u a k e s  would have  
been  r e s p o n s i b l e  f o r  d e f o r m a t i o n .  h owe ve r ,  i f  F l a t h e a d  L a k e ' s  
s e d i m e n t a t i o n  r a t e  i s  s i m i l a r  t o  t h e  a v e r a g e  r a t e  o f  o t h e r  l a r g e  
i n t e r m o n t a n e  l a k e s  i n  t he  r e g i o n  (1 m m . / y r . ) ,  d e f o r m a t i o n  o c c u r r e d
o v e r  1 0 , 0 0 0  y e a r s  a g o ,  and  may have  been a s s o c i a t e d  w i t h  t h e  l a s t  
a dv an c e  and r e t r e a t  o f  t h e  C o r d i l l e r a n  I c e  S h e e t .
Whi le  t he  d e f o r m a t i o n  does  no t  g i v e  d i r e c t  e v i o c n c e  f o r  r e c e n t  
a c t i v e  f a u l t i n g  u n d e r  t h e  l a k e ,  t h e  a l i g n m e n t  o f  s t r u c t u r e s  on b o t h  
s i d e s  o f  t h e  e a s t e r n  t r o u g h  s u g g e s t s  t h a t  a c t i v e  f a u l t i n g  may have  
been  r e s p o n s i b l e  f o r  t he  o v e r s t e e p e n i n g  o f  i t s  s l o p e s .
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CHAPTER I 
INTRODUCTION
F l a t h e a d  Lake ( F i g .  1)  i s  l o c a t e d  s o u t h  o f  G l a c i e r  N a t i o n a l  P a r k  
i n  n o r t h w e s t e r n  Montana .  The b e d r o c k  i n  t h e  s u r r o u n d i n g  r e g i o n  i s  
p a r t  o f  t h e  P r e c a m b r i a n  B e l t  S u p e r g r o u p ,  and h a s  b een  s u b j e c t  t o  
La ra mi d e  t h r u s t i n g  and p o s t -  Larani ide  b l o c k  f a u l t i n g  ( J o h n s ,  1 9 7 0 ) .
The modern  form o f  F l a t h e a d  Lake i s  a  p r o d u c t  o f  t h e  l a s t  m a j o r  
s t a d e  o f  t h e  C o r d i l l e r a n  I c e  S h e e t  ( S t o f f e l ,  1 9 8 0 ) .  The P o i s o n  
t e r m i n a l  m o r a i n e ,  fo rmed  d u r i n g  t h e  r e t r e a t  o f  P i n e d a l e  i c e  some 
1 0 , 0 0 0  -  1 4 , 0 0 0  y e a r s  ago ( S t o f f e l ,  1980)  impounded t h e  l a k e ,  t o  a
h i g h e r  l e v e l  t h a n  a t  p r e s e n t  ( J o h n s ,  1 9 7 1 ) .  The l e v e l  s l o w l y  
d e c r e a s e d  a s  t h e  r i v e r  c u t  t h r o u g h  t h e  m o r a i n e .  The K e r r  Dam, 
c o n s t r u c t e d  in  1938,  s e v e r a l  m i l e s  be l ow t h e  o u t l e t ,  has  s t a b i l i z e d  
t h e  l a k e ' s  l e v e l .
F l a t h e a d  Lake o c c u r s  a t  t h e  i n t e r s e c t i o n  of  two m a j o r  s t r u c t u r a l  
p r o v i n c e s  o f  w e s t e r n  No r t h  A m e r i c a :  t h e  Rocky Mount a i n  T r en ch  and t h e
I n t e r m o u n t a i n  S e i s m i c  B e l t .  The l a k e  i s  n e a r  t h e  s o u t h e r n  end o f  t h e  
Rocky Mo u nt a i n  T r e n c h ,  a l i n e a r  n o r t h - n o r t h w e s t  t r e n d i n g  t r o u g h ,  
bounded on o n e ,  and s omet imes  b o t h  s i d e s ,  by n o r ma l  f a u l t s ,  which  
e x t e n d s  w i t h o u t  i n t e r r u p t i o n  a l m o s t  a t h o u s a n d  m i l e s  t o  t h e  n o r t h e r n  
end  o f  B r i t i s h  Columbia  ( L e e c h ,  1966;  Mudge,  1 9 7 0 ) .  The 
I n t e r m o u n t a i n  S e i s m i c  B e l t  i s  a zone o f  h i g h  e a r t h q u a k e  a c t i v i t y
1
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FIG . 1
F L A T H E A D  L A K E  L O C A T I O N  M A P
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r u n n i n g  t h r o u g h  s o u t h e r n  Nevada ,  U t a h ,  E a s t e r n  I d a h o ,  and w e s t - c e n t r a l  
Mo n t an a ,  and t e r m i n a t i n g  a t  F l a t h e a d  Lake i n  n o r t h w e s t  Montana ( S mi t h  
and  S b a r ,  1 9 7 4 ) .
The s e i s m i c  a c t i v i t y  o f  t h e  I n t e r m o u n t a i n  S e i s m i c  B e l t  has  b een  
a s s o c i a t e d  w i t h  t h e  B a s i n  and Range e x t e n s i o n a l  t e c t o n i c  r e g i m e .  I n  
Nevada ,  s o u t h e r n  O re gon ,  and W e s t e r n  Utah  r e c e n t  f a u l t i n g  h a s  f o l l o w e d  
two p r i n c i p a l  o r i e n t a t i o n s  w i t h  n o r t h - n o r t h e a s t  t r e n d i n g  norma l  f a u l t s  
and we s t  t o  n o r t h w e s t  t r e n d i n g  r i g h t  l a t e r a l  s t r i k e  s l i p  f a u l t s  
( L i v i c c a r i ,  1979;  Smi th  and S b a r ,  1 9 7 4 ) .
The s e i s m i c  a c t i v i t y  a r o u n d  t h e  l a k e  con f o r ms  t o  t h e  p a t t e r n  o f  
mos t  o f  t h e  I n t e r m o u n t a i n  S e i s m i c  B e l t  w i t h  a r e l a t i v e  p r e p o n d e r e n c e  
o f  s m a l l  e a r t h q u a k e s  and m i c r o e a r t h q u a k e  swarms,  and f a r  f e w er  l a r g e  
m a g n i t u d e  e v e n t s  t h a n  would be e x p e c t e d  c o n s i d e r i n g  t h e  r a t e  o f  
s e i s m i c i t y  (Qamar and B r e u n i n g e r ,  1979;  Smi th  and S b a r ,  1 9 7 4 ) .  Two 
r e c e n t  m a g n i t u d e  f i v e  e a r t h q u a k e s  have  o c c u r r e d  t h e r e  i n  1952 and 1975 
(Qamar and B r e u n i n g e r ,  1 9 7 9 ) ,  and two m i c r o e a r t h q u a k e  s u r v e y s  t a k e n  
a r o u n d  t h e  l a k e  i n  1969 and 1971 have  l o c a t e d  swarms c e n t e r e d  on i t s  
s o u t h w e s t e r n  s i d e ,  j u s t  t o  t h e  n o r t h  and s o u t h  o f  Big Arm Bay ( S b a r ,  
e t  a l ,  1972;  S t e v e n s o n ,  1 9 7 6 ) .  F a u l t  p l a n e  s o l u t i o n s  f o r  t h e s e  
swarms have  no t  y i e l d e d  c o n s i s t e n t  o r i e n t a t i o n s .
The mos t  p r o m i n e n t  f a u l t s  f o u n d  n e a r  t h e  l a k e  a r e  t h e  M i s s i o n  and 
Swan f a u l t s  ( F i g .  2 ) .  These  a r e  n o r t h  t o  n o r t h - n o r t h w e s t  t r e n d i n g  
n o rm a l  b l o c k  f a u l t s  a c t i v e  i n  t h e  l a t e  T e r t i a r y  and p o s s i b l y  t h e  
Q u a t e r n a r y  ( P a r d e e ,  1 9 5 0 ) .  The e a s t  s i d e  o f  t h e  l a k e  c o r r e s p o n d s
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FIG . 2
FAULTS IN FLATHEAD LAKE AREA
m
RAW
\ \ V a u l t  - '  —*
0 to
K ILO M E TE R S
□
M IL E S
He a v y  l i n e s  r e p r e s e n t  known a n d  s u s p e c t e d  a c t i v e  f a u l t s  
( f r o m  W iTK IN D ,  1 9 7 7 ) .
Da s h e d  l i n e s  r e p r e s e n t  s u s p e c t e d  a c t i v e  f a u l t s , b a s e d  on
GRAVITY DATA AND MICROEARTHQUAKE LOCATIONS (S t ICKNEY, 1 9 8 0 ) .
Fa u l t s  w i t h i n  d o t t e d  l i n e  a r e  n o t  n e c e s s a r i l y  a c t i v e  ( m a p p e d  
BY HARRISON, ET AL,  1 9 7 4 ) ,
TICKS ARE ON DOWNTHROWN SIDE OF NORMAL FAULTS.
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c l o s e l y  w i t h  t h e  M i s s i o n  F a u l t ,  wh i ch  e x t e n d s  a l o n g  t h e  wes t  f r o n t  o f  
t h e  M i s s i o n  Range ,  where  i t  ha s  s e v e r a l  k i l o m e t e r s  o f  o f f s e t ,  and 
p r o c e e d s  n o r t h w a r d ,  w i t h  d e c r e a s i n g  o f f s e t ,  u n t i l  i t  d i s a p p e a r s  i n  t h e  
a l l u v i u m  o f  t h e  K a l i s p e l l  V a l l e y  n o r t h  o f  F l a t h e a d  Lake ( J o h n s ,  1 9 7 0 ) .  
S t i c k n e y  (1 9 8 0 )  f o u n d  g r a v i t a t i o n a l  e v i d e n c e  f o r  t h e  c o n t i n u a t i o n  o f  a 
s p l a y  o f  t h e  M i s s i o n  F a u l t  f o r  s e v e r a l  m i l e s  u n d e r  t h e  a l l u v i u m  w i t h  
a b o u t  600 m e t e r s  of  o f f s e t .  On t h e  b a s i s  o f  m i c r o e a r t h q u a k e  l o c a t i o n s  
and f a u l t  p l a n e  s o l u t i o n s ,  he s u g g e s t e d  t h a t  t h e  f a u l t  may s t i l l  be 
a c t i v e .  S t i c k n e y  a l s o  u s ed  g r a v i t y  d a t a  t o  p o s t u l a t e  t h e  e x t e n s i o n  o f  
t h e  K a l i s p e l l  n o r ma l  f a u l t  t o  t h e  n o r t h  edge  o f  t h e  l a k e .  The 
K a l i s p e l l  and F l a t h e a d  f a u l t s  bound t h e  F l a t h e a d  g r a b e n ,  which  
S t i c k n e y  e s t i m a t e d  t o  have 700 m e t e r s  o f  r e l i e f .  S e v e r a l  s m a l l e r  
n or ma l  f a u l t s  on t h e  we s t  s i d e  o f  t h e  l a k e  a l s o  t r e n d  n o r t h w e s t  t o  
n o r t h - n o r t h w e s t  ( H a r r i s o n  e t  a l ,  1 9 7 4 ) .  I m m e d i a t e l y  s o u t h  o f  Big Arm 
Bay i s  a c l u s t e r  o f  n o r t h  t o  n o r t h - n o r t h e a s t  t r e n d i n g  norma l  f a u l t s  
( H a r r i s o n  e t  a l ,  1 9 7 4 ) .  Th i s  change  i n  p a t t e r n ,  c o up l e d  w i t h  t he  
measuremen t  o f  a s t e e p  g r a v i t y  g r a d i e n t  on t h e  s o u t h e r n  s i d e  o f  Big 
Draw,  a v a l l e y  f i l l e d  w i t h  g l a c i a l  o u t wa sh  j u s t  we s t  o f  Big Arm, has  
l e d  t o  t h e  s u g g e s t i o n  t h a t  t h e  Big Draw F a u l t ,  a m a jo r  w e s t  t o  
w e s t - n o r t h w e s t  t r e n d i n g  r i g h t  l a t e r a l  s t r i k e  s l i p  f a u l t  
( W i t k i n d ,  1 9 7 7 ) ,  s h o u l d  be e x t e n d e d  s e v e r a l  k i l o m e t e r s  e a s t w a r d  i n t o  
t h e  r e g i o n  of  t h e  l a k e ,  e i t h e r  i n t o  Big Arm Bay o r  a l o n g  i t s  s o u t h e r n  
s h o r e  ( L a p o i n t ,  1 9 7 1 ) .
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Tlie p r e d o m i n a n t  f a u l t  o r i e n t a t i o n s  a r o u n d  t he  l a k e  a r e  
n o r t h - n o r t h w e s t ,  and a r e  c o n s i s t e n t  w i t h  t h e  t r e n d  o f  t h e  Can a d i a n  
C o r d i l l e r a .  However ,  n o r t h  o f  F l a t h e a d  Lake t h e  Rocky Mo un t a i n  T r e n c h  
and o t h e r  z on es  o f  t h e  Cana d i a n  C o r d i l l e r a  a r e  s e i s m i c a l l y  i n a c t i v e  
(Mi l ne  and D a v e n p o r t ,  1 9 6 9 ) .  I f  t h e  l a k e ' s  mos t  r e c e n t  s e i s m i c  
a c t i v i t y  i s  d i r e c t l y  r e l a t e d  t o  B a s i n  and Range t e n s i o n a l  s t r e s s e s ,  
t h e n  i t  i s  p o s s i b l e  t h a t  mi no r  f a u l t s ,  whose o r i e n t a t i o n s  c o r r e s p o n d  
t o  f a u l t s  i n  t h e  s o u t h e r n  B as i n  and Range P r o v i n c e ,  may show e v i d e n c e  
o f  v e r y  r e c e n t  movement .
The s e d i m e n t s  o f  F l a t h e a d  Lake p r o v i d e  an  u n b r o k en  r e c o r d  o f
d e p o s i t i o n  a t  l e a s t  1 0 , 0 0 0  y e a r s  o l d .  I f  r e c e n t  f a u l t i n g  i n  t h e
b e d r o c k  unde r  t h e  l a k e  i s  r e f l e c t e d  i n  t he  s e d i m e n t s ,  t h e s e  would 
p r o v i d e  e x c e l l e n t  e v i d e n c e  f o r  a s s o c i a t i n g  r e c e n t  e a r t h q u a k e  a c t i v i t y  
w i t h  c r u s t a l  movement .  D i s t i n c t  p a t t e r n s  o f  f a u l t i n g  mi gh t  make i t  
p o s s i b l e  to  show w h e t h e r  t he  e x t e n s i o n a l  t e c t o n i c  r e g i me  w i t h  which  
t h e  I n t e r m o u n t a i n  S e i s m i c  B e l t  i s  a s s o c i a t e d  e x p r e s s e s  i t s e l f  i n
f a u l t s  wh ich  c o r r e s p o n d  t o  i t s  p r e d o m i n a n t  p a t t e r n s  o f  s e i s m i c i t y ,  o r  
r e l i e v e s  i t s  s t r e s s  a l o n g  p r e - e x i s t i n g  l i n e s  o f  s t r u c t u r a l  w e a k n e s s .
I n  t h e  summer o f  1980 a s u b - b o t t o m  s e i s m i c  p r o f i l i n g  s t u d y  was
c o n d u c t e d  i n  o r d e r  t o  f i n d  e v i d e n c e  o f  r e c e n t  f a u l t i n g  i n  t h e  l a k e
s e d i m e n t s .  The p r o f i l e s  showed a wide  r a n g e  o f  s e d i m e n t a r y
d e f o r m a t i o n  s t r u c t u r e s  w i t h i n  t h e  l a k e .  The p r e s e n t  l a c k  o f  l ong
c o r e s  l i m i t e d  t h e  s p e c i f i c i t y  o f  i n t e r p r e t a t i o n s ,  b u t  i t  i s  e x p e c t e d  
t h a t  a f u t u r e  c o r i n g  p rog r am w i l l  be u n d e r t a k e n  t o  t e s t  t h i s  s t u d y ' s  
c o n c l u s i o n s ,  which  a r e  made s o l e l y  on t h e  b a s i s  o f  t h e  p r o f i l e s .
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The s t u d y  was c o n d u c t e d  w i t h  an  E do- We s t e r n  KiPACT S u b - b o t t o m  
p r o f i l i n g  s y s t e m ,  which  was o p e r a t e d  a t  a f r e q u e n c y  o f  3 . 5  kl lz.  The 
s y s t e m ' s  component s  were a model  515H t r a n s d u c e r ,  615 r e c o r d e r ,  and 
248E t r a n s c e i v e r .  Using s t e e l  p o l e s ,  r o p e s ,  c a b l e s ,  and a s m a l l  
p u l l e y ,  t h e  t r a n s d u c e r  was mounted t o  t h e  g u n w a l e s  o f  a 22 f t .  b o a t .  
I n  o p e r a t i o n  i t  was submerged f i v e  f e e t  be low t h e  h u l l .  I n t e r f e r e n c e  
f rom t h e  b o a t ' s  e n g i n e  was m i n i m i z e d  by a cone s h i e l d  a r o u nd  t h e  
t r a n s d u c e r .  The a c o u s t i c  p u l s e  l e n g t h  was 2 . 0  ms ec ,  w i t h  a k e y i n g  
r a t e  o f  1200 p u l s e s  p e r  m i n u t e .  The 3 . 5  kHz s i g n a l  f r e q u e n c y  a l l o w e d  
a v e r t i c a l  r e s o l u t i o n  o f  1 . 5  f e e t .  S i g n a l  power gave  u s e f u l  
r e f l e c t i o n s  f rom a s e c t i o n  o f  s e d i m e n t s  200 f e e t  t h i c k .  S i g n a l s  
p e n e t r a t i n g  more t h a n  200 f e e t  o f  s e d i m e n t s  had v e r y  low a m p l i t u d e s .  
A f t e r  k e y i n g  e a c h  p u l s e ,  t h e  r e c o r d e r  d i g i t i z e d  t h e  incoming  s i g n a l .  
The p r o c e s s i n g  s y s t e m  a l l o w e d  f o r  v a r i a b l e  s e t t i n g s  o f  g a i n  
a d j u s t m e n t s  t o  c ompens a t e  f o r  s i g n a l  a t t e n u a t i o n  w i t h  t i m e .  I t  a l s o  
p e r m i t t e d  a r a n g e  o f  t i me  s c a l e s  and d e l a y s  . Wi th an a p p r o p r i a t e  
t i m e - d e l a y ,  a s  much o f  t h e  w a t e r  column a s  d e s i r e d  c o u l d  be r emoved ,  
t h u s  u t i l i z i n g  t h e  f u l l  w i d t h  o f  t h e  p a p e r  r e c o r d s  t o  d i s p l a y  t h e  
s e d i m e n t a r y  p i l e .  The r e c o r d s  were  b u r n t  i n t o  e l e c t r o s e n s i t i v e  p a p e r  
by a p a i r  o f  r e v o l v i n g  s t y l u s e s ,  wh i ch  p r o d u c e d  t r a c e s  o f  v a r i a b l e  
d e n s i t y  p r o p o r t i o n a l  t o  t h e  a m p l i t u d e  o f  t h e  r e f l e c t e d  s i g n a l s .
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
The r e c o r d s  were  p r o d u c e d  w i t h  a  v e r t i c a l  s c a l e  o f  d i s t a n c e  
r a t h e r  t h a n  t i m e .  The v e l o c i t y  o f  sound t h r o u g h  f r e s h  w a t e r  i s  1 . 4 5  
k m / s e c . ,  and  t h r o u g h  r e c e n t  l a k e  s e d i m e n t s  i s  a b o u t  1 . 3  k m / s e c .
( D o b r i n ,  1976;  O t i s  e t  a l ,  1 9 7 7 ) .  An i n t e r n a l  c o m p e n s a t o r  i n  t h e  
r e c o r d e r  was a d j u s t e d  t o  a v e l o c i t y  o f  1 . 5  k m / s e c . t o  p r o d u c e  a
v e r t i c a l  d i s t a n c e  s c a l e .  Hence ,  t h e  e r r o r  i n  d e p t h s  i s  l e s s  t h a n  3%, 
o r  a b o u t  10 f e e t  i n  t h e  d e e p e s t  p o r t i o n s  o f  t h e  l a k e .
The o v e r a l l  q u a l i t y  o f  t h e  p r o f i l e s  was e x c e l l e n t .  The v e r t i c a l
s c a l e  was e x a g g e r a t e d  a p p r o x i m a t e l y  t w e n t y  t i m e s ,  t h u s  e m p h a s i z i n g  t h e  
d e t a i l s  o f  m i n u t e  s t r u c t u r e s .  O t h e r  t h a n  t h e  s p l i c i n g  n eed ed  t o  
e l i m i n a t e  t h e  o f f s e t s  due  t o  t i m e - d e l a y  c h a n g e s ,  i t  was n o t  n e c e s s a r y  
t o  m o d i f y  t h e  p r o f i l e s  by a d d i t i o n a l  p r o c e s s i n g .  D i f f r a c t i o n  p a t t e r n s  
were  uncommon and o b v i o u s ,  and had much s t e e p e r  s l o p e s  t h a n  any 
s t r u c t u r e s  ( F i g .  3 ) .  M i g r a t i o n  ( D o b r i n ,  1976)  would n o t  have  
s i g n i f i c a n t l y  c hange d  t h e  p r o f i l e s  due t o  t h e  a c t u a l  low a n g l e s  o f  a l l  
s l o p e s .  M u l t i p l e s  were  g e n e r a l l y  t o o  weak t o  mask t h e  s t r o n g e r  d eep  
r e f l e c t i o n s ,  and d i d  n o t  i n t e r f e r e  w i t h  s t r u c t u r a l  i n t e r p r e t a t i o n s .  
The s l i g h t  e r r o r s  i n  d e p t h s  and t h i c k n e s s e s  c a u s e d  by t he  
a p p r o x i m a t i o n  o f  a u n i f o r m  a c o u s t i c  v e l o c i t y  f o r  w a t e r  and s h a l l o w  
s e d i m e n t s  were i n s i g n i f i c a n t  f o r  t h e  p u r p o s e s  o f  t h i s  s t u d y .
S e v e n t y  p r o f i l e s  were  made ( F i g .  4 A ) , w i t h  two a r e a s  r e c e i v i n g  
e s p e c i a l l y  heavy  c o v e r a g e .  These  were  Big Arm Bay and t h e  e a s t  s i d e  
o f  t h e  l a k e  be t ween  Y e l l o w  Bay and Woods Bay,  Because  o f  t h e  h i g h  
e a r t h q u a k e  a c t i v i t y  i n  i t s  v i c i n i t y .  Big Arm Bay was where  d i s t u r b e d  
z ones  and d e fo r me d  s t r u c t u r e s  had been  a n t i c i p a t e d ;  h ow ev e r ,  i t
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Fig. 3. If sound waves are traveling from a diffracting
point source to the surface at a constant velocity, 
it is possible to simulate a diffraction pattern 
by a simple geometric construction. Point A lies 
immediately above the diffracting point, D. At 
point X the signal would appear to arrive from 
source Y, whose apparent vertical distance, X Y , is 
equal to the actual distance to the diffracting 
point, XD. For a given depth it is possible to find 
the shape of a diffraction pattern by determining 
the apparent depth of Y for a series of X's. Such 
a pattern has been superimposed on the profile. Its 
extreme steepness is the result of the 36-fold 
vertical exaggeration of this profile. The slopes 
of the reflectors are not as steep as those of the 
pattern, and thus were not produced by diffractions.
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t u r n e d  o u t  t h a t  t h e  e a s t  s i d e  o f  t h e  l a k e  had t h e  g r e a t e s t  amount  o f  
s e d i m e n t  d e f o r m a t i o n .
On s h o r t  t r a v e r s e s  o f  a m i l e  o r  l e s s  l a nd ma rk s  a t  e ac h  end were  
l o c a t e d  on a map,  t h e  b o a t  was k e p t  a t  a c o n s t a n t  s p e e d ,  and  was 
n a v i g a t e d  a s  n e a r l y  a s  p o s s i b l e  i n  a s t r a i g h t  l i n e .  On l o n g e r  
t r a v e r s e s  p o s i t i o n s  were  c he c k e d  by s e x t a n t  s i g h t i n g s  t a k e n  a t  a b o u t  
e v e r y  m i l e .
I n  mapping  t h e  p r o f i l e  l i n e s  s e x t a n t  s i g h t i n g s  were  p l o t t e d  w i t h  
a t r i p l e  arm p r o t r a c t o r ,  and a l l  s eg me n t s  b e t wee n  l andmar ks  a n d / o r  
s e x t a n t  s i g h t i n g s  were  assumed t o  be s t r a i g h t  l i n e s  t r a v e r s e d  a t  a 
c o n s t a n t  v e l o c i t y .  I n  mos t  p r o f i l e s  t h e  s e d i m e n t  s u r f a c e  and 
p r o m i n e n t  r e f l e c t i n g  l a y e r s  were  h i g h l i g h t e d  and d i g i t i z e d  f o r  
a d d i t i o n a l  c ompu t e r  p r o c e s s i n g .
A s e t  o f  c o m pu t e r  p ro gr ams  was w r i t t e n  and u s e d  t o  c o n v e r t  t h e  
d i g i t i z e d  d a t a  i n t o  p r o f i l e  d a t a  f i l e s  c o n s i s t i n g  o f  a  s e r i e s  o f  x , y  
p o i n t s  f o r  e a c h  l i n e ,  w i t h  x r e p r e s e n t i n g  t h e  h o r i z o n t a l  d i s t a n c e ,  i n  
f e e t ,  f rom t h e  s t a r t  o f  t h e  p r o f i l e ,  and y , t h e  d e p t h .  The 
c o o r d i n a t e s  were s c a l e d  t o  c o r r e s p o n d  t o  t r u e  map p o s i t i o n  and were 
a d j u s t e d  f o r  v a r i a t i o n s  i n  b o a t  s peed  and d r i f t  ( v i a  s e x t a n t  s i g h t s ) ,  
v e r t i c a l  s c a l e  c h a n g e s  and d e l a y  o f f s e t s  ( Appendix  1 ) .  From t h e s e  
d a t a  f i l e s  l i n e  d r a w i n g s  o f  e a c h  d i g i t i z e d  p r o f i l e  were  p l o t t e d  on a 
Calcomp P l o t t e r  (Append i x  2 ) .
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C h a r a c t e r  o f  Ref  l e c t o r s
Two d i f f e r e n t  p a t t e r n s  o f  r e f l e c t i o n s  were e v i d e n t  i n  t h e  
p r o f i l e s .  These  were  c o h e r e n t  s i g n a l s  i n d i c a t i n g  l a y e r e d  r e f l e c t o r s  
and " i n c o h e r e n t "  s i g n a l s  showing no l a y e r i n g .  Whi l e  e a c h  r e f l e c t i o n  
p u l s e  d oe s  n o t  n e c e s s a r i l y  c o r r e s p o n d  t o  an  i n d i v i d u a l  b e d ,  s t r u c t u r e s  
shown by t h e  l a y e r e d  r e f l e c t o r s  do ma t ch  t h o s e  o f  t h e  a c t u a l  
s e d i m e n t s .  I n c o h e r e n t  s i g n a l s  can  be  p r o d u c e d  by a v a r i e t y  o f
c o n d i t i o n s ;  1)  s t r u c t u r a l  p a t t e r n s  can  seem t o  d i s a p p e a r  w i t h  d e p t h  
b e c a u s e  o f  a l o s s  o f  s i g n a l  s t r e n g t h ;  2 )  b e d r o c k  o r  s e d i m e n t  l a y e r s  
w i t h  a h i g h  a c o u s t i c  a b s o r p t i o n  can  r e t u r n  d i s o r d e r e d  s i g n a l s ;  3 )  a 
s t r u c t u r a l l y  amorphous  s e d i m e n t  would show no d i s c e r n a b l e  p a t t e r n s  i n  
i t s  r e f l e c t i o n s ;  and 4)  l a y e r e d  p a t t e r n s  can  a l s o  be d e s t r o y e d  by
c e r t a i n  t y p e s  o f  d e f o r m a t i o n  o f  t h e  s e d i m e n t s .  I n  t h i s  s t u d y  t h e
t e r m s  " c h a o t i c " ,  " a mo r p h o u s " ,  and " d i s o r d e r e d "  w i l l  be u s ed
n o n - g e n e t i c a l l y  and synonymous ly  t o  d e s c r i b e  r e f l e c t i n g  zones  w i t h  no 
d i s c e r n a b l e  l a y e r i n g .
B a t h y m e t r y and o v e r v i e w  o f  s e d i m e n t  p a t t e r n s
The b a t h y m e t r y  d e t e r m i n e d  f rom t h e  p r o f i l e s  c o r r e s p o n d e d  c l o s e l y  
w i t h  t h a t  d e r i v e d  f r om two p r e v i o u s  u n p u b l i s h e d  b a t h y m e t r i c  s u r v e y s  
c o n d u c t e d  by S i l v e r m a n ,  e t  a l  (1970 )  and Moore ( 1 9 7 9 ) .  Smal l  
d i s c r e p a n c i e s  a r e  p r o b a b l y  due t o  e r r o r s  i n  c o n t o u r i n g  be twee n  w i d e l y
12
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s p a c e d  (1 t o  2 km. )  p r o f i l e  l i n e s .  Because  o f  t h e  l a k e ' s  v e r y  
i r r e g u l a r  b o t t o m  t o p o g r a p h y ,  c o n t o u r  l i n e s  a p p r o x i m a t e d  be twee n  
t r a v e r s e s  a r e  bound t o  be somewhat  e r r o n e o u s .  O t h e r  d i f f e r e n c e s  
p r o b a b l y  a r e  t h e  r e s u l t  o f  t h e  f a i l u r e  o f  p r e v i o u s  s u r v e y s  t o  use  
s e x t a n t  s i g h t i n g s  a s  a means o f  c h e c k i n g  p o s i t i o n  on t h e  l o n g e r  
t r a v e r s e s .  However ,  e r r o r s  i n  a l l  c a s e s  a r e  s m a l l ,  and f o r  t h e  
p u r p o s e s  o f  t h i s  s t u d y ,  t h e  b a t h y m e t r i c  map p r i n t e d  by S i l v e r m a n ,  e t  
a l  ( 1 9 7 0 )  i s  p e r f e c t l y  a d e q u a t e  ( F i g s .  4A and 4 C ) .
The mos t  p r o m i n e n t  f e a t u r e  o f  t h e  l a k e  b o t t o m  i s  a deep  e l o n g a t e
t r o u g h  which  e x t e n d s  f r om t h e  s o u t h e a s t  end o f  F l a t h e a d  D e l t a ,  dovm 
t h e  e a s t e r n  s i d e  o f  t h e  l a k e ,  and i n t o  Sk i doo  Bay ( F i g .  4 B) .  The 
a l i g n m e n t  o f  t h e  t r o u g h  c o r r e s p o n d s  w i t h  t h a t  o f  t h e  F l a t h e a d  g r a b e n  
d e s c r i b e d  by S t i c k n e y  i n  t he  K a l i s p e l l  V a l l e y ,  and i s  c l e a r l y  i t s  
s o u t h e r n  c o n t i n u a t i o n .  Dep t hs  o f  t h e  t r o u g h  r a n g e  f rom 300 t o  370 
f e e t .  S l o p e s  i n t o  t h e  d e e p e s t  p a r t  a r e  g r a d u a l  i n  t h e  n o r t h  and
i n c r e a s e  t o  t h e  s o u t h ,  e s p e c i a l l y  on t h e  e a s t  s i d e .  The t r o u g h  i s
f i l l e d  by c h a o t i c  r e f l e c t o r s  w i t h  no d i s c e r n a b l e  l a y e r i n g ,  c o v e r e d  by 
20 t o  30 f e e t  o f  s moo t h l y  l a y e r e d  r e f l e c t o r s  ( F i g .  5 ) .  The t h i c k n e s s  
o f  t h e  c h a o t i c  f i l l i n g  i s  v a r i a b l e .  I t  i s  t h i n n e s t  n e a r  t h e  n o r t h  and 
s o u t h  ends  o f  t h e  t r o u g h ,  and i n  t h e s e  a r e a s  i s  u n d e r l a i n  by f o l d e d  
and d ef o r med  b e d s .  Hos t  o f  t h e  d e f o r med  s t r u c t u r e s  found  i n  t h e  l a k e  
were  i n  t h e  t r o u g h  and on i t s  more g r a d u a l  s l o p e s .
The s l o p e s  on b o t h  s i d e s  o f  t h e  t r o u g h  c o n t a i n  a m i x t u r e  o f  
l a y e r e d  r e f l e c t o r s  and c h a o t i c  zones  ( F i g .  5 ) .  Some l a y e r e d  
r e f l e c t o r s  a r e  c l e a r l y  t r u n c a t e d  and u n c o n f o r m a b l y  o v e r l a i n  by more
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r e c e n t  l a k e  s e d i m e n t s .  S e v e r a l  b e n c h e s  on t h e  e a s t e r n  s l o p e  h av e  a 
v a r i e t y  o f  d e f o r med  s t r u c t u r e s  which  s u b s e q u e n t l y  w i l l  be d i s c u s s e d  i n  
more d e t a i l .
To t h e  w e s t  o f  t h e  t r o u g h  i s  a m o d e r a t e l y  deep  and f l a t  a r e a
c a l l e d  t h e  w e s t e r n  s h e l f .  I t s  d e p t h s  r a n g e  f rom 160 t o  240 f e e t .  I t
i s  c h a r a c t e r i z e d  by u n d i s t u r b e d  p a c k a g e s  o f  h o r i z o n t a l ,  l a y e r e d
r e f l e c t o r s ,  showing some l o c a l i z e d  and l i m i t e d  zones  o f  d e f o r m a t i o n .
The l a k e  h a s  f o u r  l a r g e  b a y s .  S k id oo  Bay,  t h e  d e e p e s t  o f  t h e s e ,
i s  t h e  s o u t h e r n  end  o f  t h e  main  t r o u g h  wh i ch  i s  t e r m i n a t e d  by F i n l e y
P o i n t ,  a b e d r o c k  p e n i n s u l a  p a r t i a l l y  c o v e r e d  by m o r a i n a l  t i l l .  Most 
o f  t h e  bay  i s  280 t o  320 f e e t  d e e p .  The s l o p e s  on t h e  e a s t  and wes t
s i d e  o f  t h e  bay a r e  e x t r e m e l y  s t e e p ,  w h i l e  a t  t h e  s o u t h e r n  end t h e
s l o p e  i s  more g r a d u a l  b u t  much more i r r e g u l a r .  L i ke  t h e  r e s t  o f  t h e  
t r o u g h ,  t h e  bay h a s  a v a r i a b l y  t h i c k  f i l l i n g  o f  c h a o t i c  r e f l e c t o r s  
b e n e a t h  a d r a p e  o f  u n d i s t u r b e d  l a y e r s .  I n  i t s  t h i n n e r  a r e a s ,  t h e
c h a o t i c  zone  can  be  s e e n  o v e r l y i n g  l a y e r e d  r e f l e c t o r s  which  a r e  f o l d e d  
and f r a g m e n t e d .
Big Arm Bay on t h e  w es t  s i d e  o f  t h e  l a k e  ha s  a s m a l l  b a s i n  160 
f e e t  d e e p ,  b u t  mos t  o f  t h e  bay i s  s h a l l o w e r .  I t s  s e d i m e n t s  g i v e  
smooth  l a y e r e d  r e f l e c t i o n s ,  and a p p e a r  t o  be g e n e r a l l y  u n d e f o r m e d .  
D i s r u p t i o n s  w i t h  w r i n k l i n g  and f r a c t u r i n g  o f  p a r t s  o f  t h e  s e d i m e n t  
p a c k a g e  a r e  f o u n d  i n  a few a r e a s  on t h e  n o r t h  s i d e  o f  t h e  b a y .  Minor  
w r i n k l i n g  o f  s e d i m e n t s  on and a t  t h e  b a s e  o f  s l o p e s  i s  common 
t h r o u g h o u t  t h e  b a y .
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Much o f  K a l i s p e l l  Bay i s  c o v e r e d  by t h e  e x t e n s i v e  F l a t h e a d  R i v e r  
d e l t a .  Over  t h e  4 0 '  deep  f o r e d e l t a  and t he  d e l t a  s l o p e  t h e  a c o u s t i c  
s i g n a l  was u n a b l e  t o  p e n e t r a t e  laore t h a n  a few f e e t  i n t o  t h e  
s e d i m e n t s .  A p p a r e n t l y  i t  was b e i n g  a b s o r b e d  by a h i g h l y  a t t e n u a t i n g  
zone  u n d e r l y i n g  t h e  u p p e r m o s t  l a y e r  o f  s e d i m e n t s .  S i g n a l  p e n e t r a t i o n  
impr oved  a t  t h e  b a s e  o f  t h e  d e l t a  s l o p e ,  b u t  s t i l l  no s e d i m e n t a r y  
l a y e r i n g  c o u l d  be d i s t i n g u i s h e d  f o r  a s  much a s  a  m i l e  f rom t h a t  p o i n t .  
The t r a n s i t i o n  t o  a p a ck a ge  w i t h  c l e a r l y  d i s c e r n a b l e  l a y e r i n g  was 
e x t r e m e l y  s h a r p  ( F i g .  6 ,  P r o f i l e  2 0 ) .  Thus t h e  s e d i m e n t a r y  s t r u c t u r e s  
c a u s e d  by t h e  s l u mp i n g  and t u r b i d i t y  f l o w s  coiimionly a s s o c i a t e d  w i t h  
d e l t a s  a r e  n o t  a p p a r e n t  i n  t h e s e  p r o f i l e s .  O t h e r  t h a n  t h e  d e l t a ,  and 
some s m a l l  hummocks a t  i t s  b a s e  wh i c h  p r o b a b l y  r e s u l t e d  f rom s l u mp i ng  
( J o y c e ,  1 9 8 0 ) ,  K a l i s p e l l  Bay had no n o t a b l e  f e a t u r e s .
P o i s o n  Bay i s  e x t r e m e l y  f l a t  and s h a l l o w ,  w i t h  d e p t h s  o f  a b o u t  25 
t o  30 f e e t .  The c h a r a c t e r  o f  t h e  r e c o r d s  be l ow t h e  s u r f a c e  l a y e r  was 
i n c o n s i s t e n t .  I n  some a r e a s  a h u n d r e d  f o o t  p ack ag e  o f  l a y e r e d  
r e f l e c t o r s  would  c l e a r l y  be e v i d e n t ,  and t h e n  would a b r u p t l y  
d i s a p p e a r ,  w i t h  a l l  o f  t h e  r e f l e c t i o n s  be low a t h i n  s u r f a c e  l a y e r  
becomi ng  amorphous  ( F i g .  6 ,  P r o f i l e  4 8 ) .  The a b r u p t n e s s  o f  t h e  change  
i s  n o t  g e o l o g i c a l l y  l o g i c a l ,  and i t  i s  l i k e l y  t h a t  t h e  r e f l e c t i n g  beds  
a r e  p r e s e n t  b u t  a r e  masked by a h i g h l y  s c a t t e r i n g  n e a r  s u r f a c e  l a y e r .  
T h i s  s i g n a l  i n c o h e r e n c e  o c c u r r e d  b o t h  i n  t h e  s h a l l o w  s e d i m e n t s  o f  
P o i s o n  Bay and i n  t h e  s e d i m e n t s  a t  t h e  t o p ,  s l o p e ,  and b a s e  o f  t h e  
d e l t a .  I t  was n e v e r  a p r o b l e m  i n  o t h e r  a r e a s  and doe s  n o t  seem t o  
have  b e e n  c a u s e d  by any m e c h a n i c a l  i r r e g u l a r i t i e s .  E x t r e m e l y  s h a l l o w
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s e d i m e n t s  can  be  above  wave b a s e  d u r i n g  s t o r m s .  P r o d e l t a  s e d i m e n t s  
a r e  c o n s t a n t l y  a f f e c t e d  by t u r b i d i t y  f l o w s  and b o t t o m  c u r r e n t s .  
A c c o r d i n g  t o  O t i s  e t  a l  ( 1 9 7 7 ) ,  a c o u s t i c  s c a t t e r i n g  i s  c a u s e d  e i t h e r  
by a h i g h  g a s  o r  a h i g h  sand c o n t e n t  i n  s e d i m e n t s .  S h a l l o w  and 
d e l t a i c  a r e a s  b o t h  have  h i g h e r  s and  c o n t e n t s  t h a n  open l a k e  s e d i m e n t s .  
Wat e r  s a mp l e s  t a k e n  f rom P o i s o n  Bay have shown t h a t  s t o r m waves  t h e r e  
do e n t r a i n  f i n e  s i l t s  and c l a y s  a s  s u s p e n d e d  l oad  ( S t e w a r t ,  1 9 8 0 ) .  
Sands  d e p o s i t e d  on f o r e d e l t a s  a r e  b r o u g h t  downs l ope  and i n t o  t h e  
p r o d e l t a  by s lumps  and t u r b i d i t y  f l o w s .  Thus sand  l a y e r s  a r e  t h e  most  
p r o b a b l e  c a u s e  o f  t h e  amorphous  s i g n a l s  i n  P o i s o n  Bay and a r o u n d  t h e  
d e l t a .
Types  o f  s t r u c t u r e s
S e d i m e n t a r y  D r a p e .  The mos t  r e c e n t  s e d i m e n t a r y  p r o c e s s e s  a r e  
p r o d u c i n g  l a y e r e d  r e f l e c t o r s  i n  a l l  a r e a s  o f  t h e  l a k e  e x c e p t  on t h e  
d e l t a .  These  r e f l e c t o r s  a r e  20 t o  30 f e e t  t h i c k  and a r e  c l e a r l y  
d i s c e r n a b l e  when t h e y  o v e r l y  de fo rmed  s e d i m e n t s  ( F i g s .  7 - 2 1 ) .  They 
a r e  und e fo r me d  and d r a p e  o v e r  i r r e g u l a r i t i e s ,  s moo t h i ng  them o u t  w i t h  
t i m e .  The e x a c t  b a s e  o f  t h i s  s e d i m e n t a r y  d r a p e  i s  a p p a r e n t  o n l y  o v e r  
d e f o r m e d  s t r u c t u r e s .  On any g i v e n  p r o f i l e  i t  u s u a l l y  can  be 
c o r r e l a t e d  f r om one s t r u c t u r e  t o  a n o t h e r  by t r a c i n g  i n d i v i d u a l  l a y e r s .  
The r e c o r d s  do n o t  show e a c h  echo  a s  an  i n d i v i d u a l  wave p a t t e r n ,  b u t  
a p p r o x i m a t e  a m p l i t u d e s  o n l y  by t h e  i n t e n s i t y  o f  t h e  m a r k i n g s .  T h i s  
makes  l a k e - w i d e  c o r r e l a t i o n s  v e r y  d i f f i c u l t .  However ,  t h e  b a s e  o f  t h e
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d r a p e  can  somet imes  be c o r r e l a t e d  b e tw e e n  p a r a l l e l  p r o f i l e s  by t r a c i n g  
i t  t h r o u g h  a  p e r p e n d i c u l a r  p r o f i l e  i n t e r s e c t i n g  b o t h  o f  t hem.  Coup led  
w i t h  t h e  o v e r a l l  c o n s i s t e n c y  o f  i t s  t h i c k n e s s ,  t h i s  c o r r e l a t i o n  
i m p l i e s  t h a t  t h e  b a s e  o f  t h e  d r a p e  i s  a t i me  l i n e .  The t h i c k n e s s  o f  
i t s  s e d i m e n t s  r e p r e s e n t s  a d i s t i n c t  p e r i o d  o f  d e p o s i t i o n ,  w i t h  v a r y i n g  
t h i c k n e s s e s  p r o d u c e d  by d i f f e r i n g  s e d i m e n t a r y  r a t e s  t h r o u g h o u t  t h e  
l a k e ,
S i i a l l ow c o r e s  t a k e n  f rom l o c a t i o n s  t h r o u g o u t  t he  l a k e  show t h a t  
t h e  d r a p e  i s  composed o f  h o r i z o n t a l l y  bedded  c o u p l e t s  o f  brown s i l t  
and  b l a c k  c l a y  ( J o y c e ,  1 9 8 0 ) .  The t h i c k n e s s  o f  t h e  c o u p l e t s  i s  
v a r i a b l e ,  b u t  a v e r a g e s  f rom 1 t o  2 cm. Some s i l t  l a y e r s  a r e  6 cm. 
t h i c k ,  and i n  a l l  c o r e s  s i l t s  t e n d  t o  p r e d o m i n a t e  o v e r  c l a y s .  The
s h a r p e s t  b o u n d a r i e s  a r e  t h o s e  o f  s i l t s  o v e r l y i n g  c l a y s .  Whi le  a l l  
c o u p l e t s  a r e  c l e a r l y  n o t  r e p r e s e n t e d  by i n d i v i d u a l  r e f l e c t o r s ,  t h e  
p a t t e r n  o f  l a y e r i n g  i s  a c c u r a t e l y  r e p r o d u c e d .
Undeformed P a c k a g e s .  Normal  and a p p a r e n t l y  u n d i s t u r b e d  p a t t e r n s  
o f  l a c u s t r i n e  s e d i m e n t a t i o n  a r e  e v i d e n t  o v e r  much o f  t h e  w e s t e r n  
s h e l f .  I n  many a r e a s  p a c k a g e s  o f  h o r i z o n t a l  l a y e r e d  r e f l e c t o r s  a t  
l e a s t  200 l e e t  t h i c k  a r e  p r e s e n t  ( F i g .  7 ) .  In  t h e s e  a r e a s  t h e  d r a p e  
i s  i n d i s t i n g u i s h a b l e  f rom u n d e r l y i n g  l a y e r s  and so t h e  c o n d i t i o n s  o f  
d e p o s i t i o n  were  p r o b a b l y  v e r y  s i m i l a r  t o  p r e s e n t  o n e s .  The 
d e p o s i t i o n a l  e n v i r o n m e n t  was e x t r e m e l y  s t a b l e ,  and was u n a f f e c t e d  by 
t h e  p r o c e s s e s  which  c a u s e d  d e f o r m a t i o n  i n  o t h e r  p a r t s  o f  t h e  l a k e .
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T r u n c a t e d  B e d s .  H o r i z o n t a l l y  l a y e r e d  r e f l e c t o r s  r e p r e s e n t  
h o r i z o n t a l l y  bedded  s e d i m e n t s .  Bedded s e d i m e n t s  do n o t  s u d d e n l y  s t o p  
u n l e s s  t h e y  a r e  d e p o s i t e d  a g a i n s t  a  w a l l .  O t h e r w i s e  t h e y  t e n d  t o  be 
c o n t i n u o u s ,  and g e n e r a l l y  f o l l o w  t h e  t o p o g r a p h y  t h e y  o v e r l i e .  Thus 
a b r u p t  t r u n c a t i o n s  o f  l a y e r e d  r e f l e c t o r s  where  no o b s t r u c t i o n s  a r e  
p r e s e n t ,  a r e  c l e a r  i n d i c a t i o n s  o f  e r o s i o n  o r  s e d i m e n t  d e f o r m a t i o n .  
The two t y p e s  o f  t r u n c a t i o n s  a r e  e r o s i o n a l  u n c o n f o r m i t i e s  and sudden  
l o s s e s  o f  c o h e r e n c e  r e s u l t i n g  f r om s h a r p  t r a n s i t i o n s  f rom l a y e r e d  t o  
d i s o r d e r e d  s e d i m e n t s .  I n  P r o f i l e  35J  ( F i g .  8 )  good r e f l e c t o r s  
d i s s o l v e  i n t o  a c h a o t i c  z o n e .  U n d e r l y i n g  beds  a r e  c o n t i n u o u s ,  and 
were  u n a f f e c t e d  by t h e  d i s r u p t i o n .  The f o r c e s  which  a f f e c t e d  t h e  beds  
by d i s r u p t i n g  t h e i r  l a y e r i n g  and p o s s i b l y  r emoving  some s e d i m e n t  mus t  
have  o r i g i n a t e d  a t  o r  n e a r  t h e  s u r f a c e .  P r o f i l e  30 ( F i g .  9)  shows a 
s i m i l a r  p a t t e r n .  Both t h e  c h a o t i c  zone and t h e  a d j o i n i n g  r e f l e c t o r s  
a r e  u n d e r l a i n  by c o n t i n u o u s  b e d s .  Deeper  b e d r o c k  m o t i o n  i s  c l e a r l y  
n o t  t h e  c a u s e  o f  d i s r u p t i o n .
The a l i g n m e n t  o f  be ds  i n  P r o f i l e  35G ( F i g .  10)  s u g g e s t s  t h a t  some 
l a k e  s e d i m e n t s  have  b een  r emoved .  T e r m i n a t e d  beds  d i p  t o  t h e  e a s t  on 
a w e s t e r l y  d i p p i n g  s l o p e .  E i t h e r  t h e r e  once  mus t  have been d e p o s i t i o n  
i n  t h e  a r e a  above  t h e  p r e s e n t  s l o p e ,  o r  a l a r g e  b l o c k  o f  s e d i m e n t s  ha s  
b e e n  u p l i f t e d .  I f  u p l i f t  has  o c c u r r e d  i t  may have  been  c a u s e d  by 
b e d r o c k  f a u l t i n g  o r  t h e  backward  r o t a t i o n  o f  a g l i d i n g  s lump b l o c k  
( D i n g l e ,  1 9 8 0 ) .  The p r o f i l e  d o es  n o t  p r o v i d e  t h e  e v i d e n c e  n e c e s s a r y  
t o  make t h e  d i s t i n c t i o n .
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I n  P r o f i l e s  6 and 17 ( F i g s .  11 and 12)  i t  i s  c l e a r  t h a t  l a r g e
a moun t s  o f  s e d i m e n t  have  b e e n  r emoved .  In  e a c h  s e c t i o n  a  60 t o  80
f o o t  p a c k a g e  o f  r e f l e c t o r s  i s  t r u n c a t e d .  A l l  t r u n c a t e d  l a y e r s  a r e  now 
u n c o n fo r r a ab l y  o v e r l a i n  by t h e  b a s e  o f  t h e  u n d i s t u r b e d  d r a p e .
Where u n d e r l y i n g  beds  a r e  c o n t i n u o u s ,  i t  i s  e v i d e n t  t h a t  t h e
c a u s e  o f  bed t e r m i n a t i o n  mus t  have  been  s u r f i c i a l .  S e v e r a l  exampl es  
a r e  a m b i g u o u s ,  b u t  ' i n  no c a s e  i s  t h e r e  e v i d e n c e  which  c o n c l u s i v e l y  
shows t h a t  b e d r o c k  movement d i r e c t l y  r a i s e d  t h e  s e d i m e n t s .  S c o u r i n g  
o r  b l o c k  f r a c t u r i n g  c a u s e d  by m a s s i v e  s l um p i ng  a r e  t h e  mos t  l i k e l y
p r o c e s s e s  t o  have  t r u n c a t e d  t h e  b e d s .
C h a o t i c  Z o n e s .  Any zones  t h a t  do n o t  show l a y e r i n g  a r e  t e rme d  
c h a o t i c .  The t e r m  i s  n o n - g e n e t i c .  T i l l  c o u l d  a p p e a r  j u s t  a s  c h a o t i c  
a s  l a k e - b e d s  t h a t  have  b een  d i s r u p t e d  by mass  movement .  However ,  
c o r i n g  done i n  a s s o c i a t i o n  w i t h  s u b - b o t t o m  p r o f i l i n g  i n  a  wide  v a r i e t y  
o f  l a k e s  (Hyne e t  a l ,  1972;  O t i s  e t  a l ,  1977;  S t . J o h n ,  1973)  h a s  
d e m o n s t r a t e d  t h a t  u n d i s t u r b e d  l a k e  s e d i m e n t s  a l m o s t  a l ways  p r o d u c e  
l a y e r e d  r e f l e c t i o n s  on  a p r o f i l e .  In  t h e  f o l l o w i n g  exampl es  c h a o t i c  
z ones  a r e  a s s o c i a t e d  w i t h  o t h e r  f e a t u r e s  t h a t  i n d i c a t e  t h a t  some 
d i s r u p t i o n  has  o c c u r r e d .
A s i n g l e  c h a o t i c  l a y e r  i s  fo un d  o v e r  much o f  t h e  s o u t h e r n  h a l f  o f  
t h e  w e s t e r n  s h e l f  ( F i g  1 3 ) .  I t  l i e s  i n  a w e l l  d e f i n e d  and l i m i t e d  
zone  w i t h i n  a h o r i z o n t a l  p a ck a ge  o f  l a y e r e d  r e f l e c t o r s  t h a t  i s  n e a r  
s l o p e s ,  b u t  n o t  n e c e s s a r i l y  r i g h t  b e n e a t h  them.  At i t s  edges  t h e r e  i s
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a n  a b r u p t  t r a n s i t i o n  f r om smooth l a y e r e d  r e f l e c t o r s  t o  f r a g m e n t e d  and 
c h a o t i c  o n e s .  I t  i s  a l s o  c h a r a c t e r i z e d  by a s l i g h t  t h i c k e n i n g  o f  t h e  
s e d i m e n t a r y  p i l e .  The i m p l i c a t i o n  o f  t h e s e  f e a t u r e s  i s  t h a t  t h e  
c h a o t i c  zone was f o r m e r l y  an  u n d i s t u r b e d  p i l e  o f  f l a t  r e f l e c t o r s  which  
were  t h e n  f r a g m e n t e d .  The l a y e r i n g  o f  t h e  r e f l e c t o r s  has  n o t  been
c o m p l e t e l y  o b s c u r e d ,  and many s m a l l  b l o c k s  can be  s ee n  f o l d e d  and
o f f s e t  by mi n o r  v e r t i c a l  f a u l t s .  These  p r o d uc e d  a h o r i z o n t a l  
s h o r t e n i n g  and  v e r t i c a l  t h i c k e n i n g  o f  t h e  l a y e r  i n  r e s p o n s e  t o  
h o r i z o n t a l  c o m p r e s s i v e  f o r c e s .
The s l i g h t  t o p o g r a p h i c  r i s e  i s  g r a d u a l l y  b e i n g  smoothed o u t  by 
t h e  s e d i m e n t a r y  d r a p e .  The u n d e r l y i n g  beds  sag u n d e r  t h e  t h i c k e n e d  
l a y e r ,  b u t  t h e  amount  o f  d e p r e s s i o n  d e c r e a s e s  w i t h  d i s t a n c e  be low t he
c h a o t i c  z o n e .  Thus t h e  y ou ng e r  o v e r l y i n g  s e d i m e n t s  and t h e  o l d e r
u n d e r l y i n g  beds  have  n o t  b e e n  a f f e c t e d  by t h e  c o m p r e s s i o n a l  f o r c e s  
w h i c h  formed t h e  c h a o t i c  l a y e r .  T h i s  d e f o r m a t i o n  was mos t  l i k e l y  
c a u s e d  by a s l i g h t  downs l ope  s l i p p a g e  o f  l a r g e  s e d i m e n t  b l o c k s ,  w i t h  
f r a c t u r i n g  o c c u r r i n g  a t  a zone o f  w e a k n e s s ,  i n  what  was ,  a t  t h a t  t i m e ,  
t h e  t o p  o f  t h e  s e d i m e n t a r y  p i l e .
P r o f i l e  35D ( F i g .  14)  i s  t y p i c a l  o f  t h e  e a s t e r n  s h e l f  wh i ch  d r o p s  
o f f  i n t o  t h e  t h e  ma in  t r o u g h .  The s l o p e s  l y i n g  t o  t h e  w e s t  o f  t h e  
t r u n c a t e d  beds  have  c h a o t i c  zones  w i t h  an e x t r e m e l y  i r r e g u l a r  o r  
knobby t o p o g r a p h y  u n d e r l y i n g  t h e  r e c e n t  s e d i m e n t a r y  d r a p e .  Some o f  
t h e  h i g h  p o i n t s  o r  knobs  a r e  c l e a r l y  made up o f  l a y e r e d  r e f l e c t o r s ,  
and a column o f  s u c h  r e f l e c t o r s  can be f o l l o w e d  a l l  o f  t h e  way down 
t h r o u g h  t h e  s e d i m e n t a r y  p i l e ,  t h r o u g h  t h e  s u r r o u n d i n g  c h a o t i c  zone and
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i n t o  a d e e p e r  a r e a  where  i t  becomes p a r t  o f  a c o n t i n u o u s  s e t  o f  
l a y e r e d  r e f l e c t o r s .  S e d i m e n t a r y  p r o c e s s e s  do n o t  b u i l d  up n a r r o w  
co lumns  o f  f l a t  l y i n g  beds  which  j u t  up above  t h e  s u r r o u n d i n g  a r e a .  
T he se  h i g h  knobs  c o u l d  n o t  have been  d e p o s i t e d  i n  i s o l a t i o n .  S i n c e  
t h e i r  b ed s  do n o t  d r o p  o f f  t o  t h e  s i d e s ,  t h e y  r e p r e s e n t  u n d i s t u r b e d  
r e m n a n t s  o f  what  had f o r m e r l y  been  a b r o ad  h o r i z o n t a l l y  l a y e r e d  a r e a .  
Some s e d i m e n t s  were removed and o t h e r s  d i s r u p t e d ,  and s i n c e  c o n t i n u o u s  
and  u n i f o r m l y  s l o p i n g  deep  l a y e r s  u n d e r l y  t h e  knobby c h a o t i c  a r e a  
( F i g .  1 5 ) ,  t h e  d i s t u r b a n c e  mus t  have  b een  p r o p a g a t e d  f rom t h e  s u r f a c e ,  
r a t h e r  t h a n  t h e  b e d r o c k .
Almos t  a l l  t r o u g h s  i n  t h e  l a k e  c o n t a i n  a  c h a o t i c  f i l l i n g .  
P r o f i l e  35K ( F i g .  16)  i l l u s t r a t e s  a common p a t t e r n  o f  t r o u g h  f i l l i n g ,  
w i t h  d eep  beds  on t h e  s i d e s  o f  t h e  t r o u g h  s l o p i n g  down,  i n t o ,  and 
p e r h a p s  u n d e r  t h e  c h a o t i c  f i l l i n g .  S h a l l o w e r  beds  o f t e n  a r e  t r u n c a t e d  
( F i g ,  1 2 ) .  The t h i c k n e s s  o f  t h e  t r o u g h  f i l l i n g  i s  v a r i a b l e ,  and 
r a n g e s  f r om 20 t o  more t h a n  200 f e e t .  Smal l  t r o u g h s  a r e  o f t e n  
c o m p l e t e l y  l e v e l e d .  I n  some a r e a s  o f  t h e  deep  t r o u g h  de f o r med  
s e d i m e n t s  u n d e r l y  a r e l a t i v e l y  t h i n  c h a o t i c  f i l l i n g  ( F i g s .  5 and 1 7 ) ;  
i n  o t h e r s  t he  t h i c k n e s s  o f  t h e  c h a o t i c  zone e x c e e d e d  t h e  p e n e t r a t i o n  
l i m i t s  o f  t h e  p r o f i l e r .  Whateve r  p r o c e s s  f i l l e d  t he  t r o u g h s  i s  n o t  
p r e s e n t l y  a c t i v e ,  s i n c e  a l l  t r o u g h s  a r e  c o v e r e d  by t h e  l a y e r e d  
u nd e f o r me d  s e d i m e n t a r y  d r a p e .  But P r o f i l e  21 ( F i g .  18) shows more 
t h a n  one e p i s o d e  o f  t r o u g h  f i l l i n g .  I n  t h i s  c a s e  a smooth r e f l e c t i n g  
s e d i m e n t a r y  d r a p e  was d e p o s i t e d  f o r  a s h o r t  p e r i o d  o f  t i m e  a f t e r  t h e  
f o r m a t i o n  o f  t h e  c h a o t i c  and knobby f i l l i n g .  Then a n o t h e r  c h a o t i c
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e p i s o d e  f i l l e d  i n  a l l  r e m a i n i n g  low a r e a s .
N e i t h e r  t h e  c o m p o s i t i o n  o f  t h e  t r o u g h  f i l l i n g  n o r  t h e  p r o c e s s e s  
wh i c h  f o r med  i t  c an  be d e t e r m i n e d  u n amb ig u o u s ly  f rom t h e  p r o f i l e s .  
Wi th  a mode o f  d e f o r m a t i o n  so d i f f e r e n t  f r om u n d e r l y i n g  and o v e r l y i n g  
s e d i m e n t s ,  t h e  f i l l i n g  i s  c l e a r l y  n o t  made up o f  a u t o c h t h o n o u s  l a k e  
s e d i m e n t s  d e f o r med  o n l y  by d i f f e r e n t i a l  c o m p a c t i o n .  They have  been  
t r a n s p o r t e d ,  p o s s i b l y  o f f  o f  t h e  d e l t a  and s i d e  s l o p e s  by a 
c o m b i n a t i o n  o f  s l umps  and mass  f l o w s ,  o r  p e r h a p s  t h r o u g h  g l a c i a l  
a c t i o n .  L a rg e  vo lumes  o f  s e d i m e n t  a p p e a r  t o  have  been  removed f rom 
t h e  s l o p e s  o f  t h e  t r o u g h .  I n  P r o f i l e  17 c o n t i n u o u s  and f l a t  
u n d e r l y i n g  l a y e r s  imply  t h a t  a b l o c k  o f  s e d i m e n t  60 t o  80 f e e t  t h i c k  
and o v e r  a t h o u s a n d  f e e t  wide  has  been  removed .  Removal  o f  s e d i m e n t s  
d e f i n i t e l y  w i dened  t h e  t r o u g h ,  b u t  i t  i s  u n c l e a r  w h e t h e r  i t  was f i r s t  
d e e p e n e d  b e f o r e  b e i n g  f i l l e d .  The two p o s s i b l e  c o n d i t i o n s  a r e  
i l l u s t r a t e d  i n  F i g .  19 .  One s i t u a t i o n  p o s t u l a t e s  a t r o u g h  t h a t  was 
f o r m e r l y  n a r r o w e r  and d e e p e r .  I n  t h i s  c a s e  s l u mp i ng  f rom t h e  s i d e s  
f i l l e d  i n  t h e  c e n t e r .  A l t e r n a t i v e l y ,  t h e  t r o u g h  c o u l d  have  been  
d e e p e n e d  by t h e  same e r o s i v e  f o r c e s  which  s c o u r e d  i t s  s i d e s .  
S u b s e q u e n t l y  i t  c o u l d  have  been  p a r t i a l l y  f i l l e d  by some amorphous  
m a t e r i a l .  The p r o f i l e s  show d e e p e r  l a y e r s  wli ich do n o t  a p p e a r  t o  be 
t r u n c a t e d ,  s l o p i n g  down s t e e p l y  u n d e r  t h e  edge o f  t he  c h a o t i c  f i l l i n g .  
T h i s  may be t h e  r e s u l t  o f  l o a d i n g ;  h owe ve r ,  s i n c e  t h e s e  l a y e r s  c a n n o t  
be t r a c e d  a l l  o f  t h e  way u n d e r  t h e  t r o u g h ,  t h e y  do no t  show w h e t h e r  o r  
n o t  s c o u r i n g  t o o k  p l a c e  a t  t h a t  l e v e l .  I n  some p r o f i l e s  t h e  amount  o f  
m a t e r i a l  removed f rom t h e  s l o p e s  a p p e a r s  t o  e xc e e d  t h e  amount  o f
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F IG . 19
CASE 1 
TROUGH F IL L E D  BY SLUMPS
BEFORE
CASE 2
TROUGH F IR ST  SCOURED, 
THEN F IL L E D
BEFORE
AFTER AFTER
LAYERS ON THE SIDE OF THE 
F I L L  D IP  UNDER I T .
LAYERS UNDERLYING THE TROUGH 
SHOULD BE CONTINUOUS, (THEY 
M A Y  BE f o l d e d ) .
LAYERS ON THE SIDE OF THE 
F I L L  ARE TRUNCATED.
VOLUME OF F I L L  IS NOT 
RELATED TO THE APPARENT 
AMOUNT OF EROSION
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c h a o t i c  f i l l i n g  i n  t h e  t r o u g h .  S u b s t a n t i a l  s e t t l i n g  and c o m p a c t i o n  of  
s l ump e d  s e d i m e n t s  c o u l d  have  o c c u r r e d  a s  a r e s u l t  o f  d e w a t e r i n g  o r  an  
e r o s i o n a l  a g e n t  c o u l d  have  c a r r i e d  away s e d i m e n t s  w i t h i n  t h e  t r o u g h .  
T h e re  i s  no e v i d e n c e  o f  how c l o s e l y  l i n k e d  i n  t i me  t h e  e r o s i o n  and t h e  
d e p o s i t i o n  w e r e .  They may have  been  s t a g e s  o f  a s i n g l e  e v e n t  o r  t h e  
r e s u l t  o f  two s e p a r a t e  e v e n t s .  The p r o f i l e s  o f t e n  do n o t  show t h e  
b a s e  o f  t h e  c h a o t i c  f i l l i n g ,  and t h u s  i t  would be i m p o s s i b l e  t o  
a t t e m p t  a  q u a n t i t a t i v e  b a l a n c e  o f  t h e  volumes  o f  s c o u r  and f i l l .  The 
t h i c k n e s s  o f  t h e  t r o u g h  f i l l i n g  t e n d s  t o  i n c r e a s e  g o i n g  s o u t h ,  a t  
l e a s t  up t o  t h e  n o r t h  edge  o f  Sk idoo  Bay.  U n p u b l i s h e d  r e c o r d s  f r om a 
p r e v i o u s  a i r g u n  s u r v e y  c o n d u c t e d  by Wold e t  a l  (1970)  show d i s t u r b e d  
b e d d i n g  u n d e r l y i n g  l a y e r s  o f  c h a o t i c  f i l l i n g  o v e r  200 f e e t  t h i c k  i n  
t h e  t r o u g h  s o u t h  o f  Ye l l ow Bay.  Thus i t  i s  p o s s i b l e  t h a t  some p o r t i o n  
o f  t h e  e r o d e d  s e d i m e n t s  were moved t o  t h e  s o u t h e r n  p a r t  o f  t h e  t r o u g h .
F o l d l i k e  S t r u c t u r e s .  U n d e r l y i n g  t h e  c h a o t i c  f i l l i n g  i n  many 
t r o u g h s  a r e  f o l d e d  o r  w r i n k l e d  r e f l e c t o r s  I n  e ac h  c a s e  t h e  f o l d s  
m a i n t a i n  c o n s t a n t  a n g l e s  o f  s l o p e  t h r o u g h  t h e  s e d i m e n t a r y  p i l e .  I n  a 
d e p o s i t i o n a l  e n v i r o n m e n t  t h i s  s i m i l a r  s t y l e  o f  f o l d i n g  can o n l y  be 
p r o d u c e d  by r a p i d  d e f o r m a t i o n .  G r a d u a l  p r o c e s s e s  p r o d u ce  s t r u c t u r e s  
t h a t  a r e  f i l l e d  and  smoothed  a t  t h e  s u r f a c e  by d e p o s i t i o n  w h i l e  
d e f o r m a t i o n  i s  t a k i n g  p l a c e ,  r e s u l t i n g  i n  s t r u c t u r e s  t h a t  l e v e l  o u t  
f r om b o t t o m  t o  t o p .  Rapi d  d e f o r m a t i o n  would p r o d u c e  c o n s i s t e n t
s t r u c t u r e s  t h r o u g h  t h e  p i l e ,  o r ,  i f  p r o m u l g a t e d  f rom t h e  s u r f a c e ,  may 
show a s mo o t h i n g  downwards .
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The most: u n u s u a l  f o l d e d  s t r u c t u r e  i s  fo u n d  i n  a mi nor  t r o u g h  on a
b e n c h  a t  t h e  b a s e  o f  t h e  b e d r o c k  s l o p e  o f  t h e  e a s t e r n  s h o r e .  The
s e d i m e n t s  a p p e a r  t o  form columns  t h a t  a r e  c u r v e d  c o n v e x l y  upward 
( F i g s .  20 and 8 ) .  The c u r v a t u r e  a t  t h e  e dges  i s  a c t u a l  and n o t  t h e  
r e s u l t  o f  d i f f r a c t i o n  p a t t e r n s .  The c o n s i s t e n c y  o f  s l o p e s  and 
c u r v a t u r e  t h r o u g h  t h e  column i s  r e a d i l y  a p p a r e n t .  To have  fo rmed  such
p a t t e r n s  f rom b e d r o c k  movement would r e q u i r e  a s e r i e s  o f  c l o s e l y
s p a c e d  and n a r r o w  down-dropped  and u p - t h r o w n  b l o c k s .  A more l i k e l y
e x p l a n a t i o n  i s  t h a t  t h e  s t r u c t u r e s  were p r o d u c e d  by s m a l l  sudden
movements  o f  b l o c k s  o f  s e d i m e n t  s l i d i n g  dovm t h e  b e d r o c k  s l o p e
( D i n g l e ,  1 9 8 0 ) .  The convex form may be t he  r e s u l t  o f  b u c k l i n g  due t o  
m i n o r  c o m p r e s s i o n .
The f o l d s  i n  P r o f i l e  30 ( F i g .  17)  a r e  more normal  l o o k i n g ,  s i n c e  
t h e y  have  a c l e a r  s y n c l i n e  as  w e l l  a s  an  a n t i c l i n e .  They a r e  found  i n  
t h e  n o r t h e r n  p a r t  o f  t h e  ma in  t r o u g h  and i n d i c a t e  t h a t  a t  l e a s t  
s l i g h t l y  p r i o r  t o  t h e  t r o u g h  f i l l i n g ,  c o m p r e s s i o n a l  f o r c e s  were 
e x e r t e d  on t h e  d e e p e r  s e d i m e n t s .  The p r o f i l e s  do n o t  i n d i c a t e  t h e  
s o u r c e  o f  t h e s e  f o r c e s ,  however  c o n s i d e r i n g  t h e  a s s o c i a t e d  k i n d s  o f  
d e f o r m a t i o n ,  i t  seems l i k e l y  t h a t  t he  c o m p r e s s i o n  was c a u s e d  by b l o c k s  
o f  s e d i m e n t  s l i p p i n g  s l i g h t l y  downs l ope  i n t o  o r  a l on g  t h e  t r o u g h .
A n o r t h  s o u t h  p r o f i l e  o f  t he  s h e l f  on t h e  e a s t  s i d e  of  t h e  t r o u g h  
shows b l o c k s  o f  f l a t  r e f l e c t o r s  s e p a r a t e d  by s yn f o r r a a l  t r o u g h s  f i l l e d  
w i t h  c h a o t i c  s e d i m e n t s  ( F i g .  2 1 ) .  The h i g h  f l a t  l a y e r s  a p p e a r  t o  be 
u n d i s t u r b e d  l a k e  s e d i m e n t s .  The s l o p e  on e i t h e r  l imb o f  t h e  s yn f o r ms  
i s  m a i n t a i n e d  t h r o u g h  t h e  s e d i m e n t a r y  p i l e  w i t h  no e v i d e n c e  o f  g r a d u a l
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t r o u g h  f i l l i n g  p r i o r  t o  t h e  c h a o t i c  f i l l i n g .  U n l i k e  t h e  o t h e r  f o l d s ,  
t h e s e  s t r u c t u r e s  do n o t  a p p e a r  t o  have  been  c a u s e d  by h o r i z o n t a l  
c o m p r e s s i o n .  No c o m p r e s s i o n a l  d e f o r m a t i o n  i s  a p p a r e n t  i n  t h e  
u n d i s t u r b e d  b l o c k s .  More l i k e l y  v e r t i c a l  f o r c e s  were i n v o l v e d .  
S u b s i d e n c e  may h av e  o c c u r r e d  u n d e r  t h e  s y n f o r m a l  t r o u g h s ,  o r  u p l i f t  
may h a ve  r a i s e d  t h e  b l o c k s .  E a s t - w e s t  p r o f i l e s  a c r o s s  t h e  e a s t e r n  
s h e l f  show i t  t o  be an  a r e a  o f  s l u m p i n g .  On more g r a d u a l  s l o p e s  t h e  
b l o c k s  s l i d  i n t a c t ,  somet imes  w i t h  a r o t a t i o n a l  component  r a i s i n g  t h e  
d ow ns l op e  e n d ;  on s t e e p e r  s l o p e s  s e d i m e n t a r y  s t r u c t u r e  was d i s r u p t e d .  
The p r o f i l e  i s  i n  t h e  a r e a  o f  t h i s  s l o p e  c h a n g e .  The u n d i s t u r b e d  
l a y e r s  a r e  p r o b a b l y  on g r a d u a l  s l o p e s  o f  l e s s  t h a n  2 d e g r e e s ,  w i t h  t h e  
t r o u g h s  s a g g i n g  i n t o  s t e e p e r  a r e a s .
F a u l t s .  Many o f  t h e  s t r u c t u r e s  p r e v i o u s l y  d i s c u s s e d  may have  
b een  d i r e c t l y  c a u s e d  by a c t i v e  f a u l t i n g  p r o p a g a t e d  f rom t h e  b e d r o c k  
t h r o u g h  t h e  s e d i m e n t s .  These  i n c l u d e  t h e  s y n f o r m a l  t r o u g h s  and some 
e x am p l e s  o f  t h e  t r u n c a t e d  and  u p r a i s e d  b e d s .  U n f o r t u n a t e l y ,  none o f  
t h e s e  s t r u c t u r e s  p r o v i d e  c o n c l u s i v e  e v i d e n c e  f o r  f a u l t i n g .  They c o u l d  
a l s o  have  been  c a u s e d  by v a r i o u s  t y p e s  o f  mass  movement .  On t h e  o t h e r  
h a n d ,  t h e r e  i s  c o n c l u s i v e  e v i d e n c e ,  p r i m a r i l y  f rom c o n t i n u o u s  
u n d e r l y i n g  b e d s ,  t h a t  many o t h e r  s t r u c t u r e s  were  d i r e c t l y  c a u s e d  by 
s u r f i c i a l  p r o c e s s e s ,  s u ch  a s  s l u m p i n g .  I n d i v i d u a l  s t r u c t u r e s  have  
l i t t l e  o r  no c o n t i n u i t y .  Even i n  a r e a s  where  p a r a l l e l  p r o f i l e s  were  
no more t h a n  a h a l f  m i l e  a p a r t ,  t h e y  showed c o n s i d e r a b l e  v a r i e t y  o f  
s t r u c t u r a l  p a t t e r n s .  Most o f  t h e  s t r u c t u r e s  f o u n d  were  formed
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r a p i d l y ;  movement  a l o n g  f a u l t s  u s u a l l y  i s  p r o t r a c t e d  i n  s m a l l  
i n c r e m e n t s  o v e r  e x t e n d e d  p e r i o d s  o f  t i m e .  Upper  l a y e r s  t e n d  t o  f i l l  
i n  and  mask i r r e g u l a r i t i e s ,  so i t  i s  n o t  u n t i l  a f t e r  t h e i r  d e p o s i t i o n  
t h a t  f r a c t u r e s  w i l l  b e g i n  t o  show.  The o l d e r  and d e e p e r  t he  l a y e r  i s ,  
t h e  l o n g e r  i t  w i l l  be s u b j e c t  t o  f r a c t u r i n g .  Thus i n  a l a k e  any 
g r a d u a l  and c o n t i n u o u s  p r o c e s s  o f  d e f o r m a t i o n  would show i n c r e a s i n g  
d i s t u r b a n c e  w i t h  d e p t h .  S i n c e  e a r t h q u a k e  a c t i v i t y  has  n o t  a b a t e d  
r e c e n t l y ,  f a u l t i n g  a s s o c i a t e d  w i t h  i t  s h o u l d  s t i l l  be g o i n g  o n ;  y e t  
t h e r e  i s  no c l e a r  e v i d e n c e  t h a t  t h e  d r a p e  i s  b e i n g  d e f o rm e d .
A s t r u c t u r e  found  on a s l i g h t l y  u p r a i s e d  r i d g e  some d i s t a n c e  wes t  
o f  t h e  main t r o u g h  shows some e v i d e n c e  o f  b e i n g  fo rmed  by a g r a d u a l  
p r o c e s s  ( F i g .  1 1 ) .  As i n  s e v e r a l  o f  t h e  o t h e r  e x a m p l e s ,  t h e  e v i d e n c e  
i s  a m b i g u o u s ,  and i s  o n l y  s u g g e s t i v e  n o t  c o n c l u s i v e .  The s t e e p e s t  
s l o p e s  a p p e a r  t o  be  i n  a t h i n  c h a o t i c  l a y e r  u n d e r  30 f e e t  o f  
s e d i m e n t s .  S t r u c t u r e s  t h a t  a r e  s t e e p e s t  i n  t h e  uppe r mos t  s e d i m e n t s  
a r e  p r o d u c e d  by s u r f i c i a l  a g e n t s .  However ,  t h e  p r on ou n c ed  t h i c k e n i n g  
o f  s e v e r a l  u n d e r l y i n g  l a y e r s  w i t h i n  t h e  g r a b e n  c a l l s  f o r  a g r a d u a l  
p r o c e s s  o f  f o r m a t i o n .  P e r h a p s  t he  s l o p e s  u n d e r l y i n g  t h e  c h a o t i c  l a y e r  
a r e  o f f s e t ,  and w h i l e  t h e  s l o p e s  a p p e a r  t o  d e c r e a s e  w i t h  d e p t h ,  t h e  
t h r o w  a c t u a l l y  i n c r e a s e s .  The d i f f i c u l t y  o f  t r a c i n g  d e e p e r  be ds  
t h r o u g h  t h e  g r a b e n ,  and t h e  l i m i t s  of  t h e  p r o f i l e ' s  d e p t h  p e n e t r a t i o n  
combine  t o  open a wi de  f i e l d  f o r  u n t e s t a b l e  c o n j e c t u r e .  N e v e r t h e l e s s ,  
t h e  s t r o n g e s t  a rg ume n t  f o r  f a u l t  c o n t r o l  i n  t h i s  c a s e  i s  t h a t  i t  i s  
d i f f i c u l t  t o  e x p l a i n  s l u mp i n g  a s  a mechan i sm f o r  s u b s i d e n c e  i n  t h e  
c e n t e r  o f  a r i d g e .  T h e re  may be  s l o p e s  o r  i r r e g u l a r i t i e s  r u n n i n g
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p e r p e n d i c u l a r  t o  t h e  p r o f i l e ,  b u t  n e a r b y  p r o f i l e s  do n o t  show t h i s .
One s t r u c t u r e  f r om one p r o f i l e  c a n n o t  p r o v e  t h a t  a c t i v e  f a u l t i n g  
o f  l a k e  s e d i m e n t s  i s  t a k i n g  p l a c e ,  b u t  i t  c e r t a i n l y  s u g g e s t s  t h a t  t h e  
p o s s i b i l i t y  c an n o t  be d i s m i s s e d .
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CHAPTER IV 
CONCLUSIONS
Hos t  o f  t h e  s t r u c t u r e s  d i s c u s s e d  so f a r  l i e  i m m e d i a t e l y  b e n e a t h  
t h e  b a s e  o f  t h e  u n d i s t u r b e d  s e d i m e n t a r y  d r a p e .  These  a r e  t h e  most  
p r o n o u n c e d  s t r u c t u r e s  s e e n  i n  t h e  p r o f i l e s .  O t h e r  d i s t u r b a n c e s  a r e  
o c c a s i o n a l l y  s e e n  d e e p e r  i n  t h e  s e d i m e n t a r y  p a c k a g e .  Host  o f t e n  t h e s e  
a r e  w r i n k l e d  l a y e r s  wh i ch  r a p i d l y  smooth upward and d i s a p p e a r  b e f o r e  
t h e  n e x t  e p i s o d e  o f  d e f o r m a t i o n .  O c c a s i o n a l l y  u n c o n f o r m i t i e s  a r e  
f o u n d  i n  d e e p e r  l a y e r s  ( F i g .  8 ) .  P a t t e r n s  o f  d e e p e r  d i s t u r b a n c e s  a r e  
n o t  s u s t a i n e d  by l a t e r  d e f o r m a t i o n .  E p i s o d e s  o f  d e f o r m a t i o n  have  
o c c u r r e d  s e v e r a l  t i m e s .  I n  eac h  c a s e  t h e y  have  been smoothed o u t  by 
s u b s e q u e n t  l a k e  s e d i m e n t a t i o n .
The s e d i m e n t a r y  d r a p e  which  i s  t he  mos t  modern s e d i m e n t a t i o n  i n  
t h e  l a k e  i s  u n d e f o r m e d ,  and t h u s  r e p r e s e n t s  a d i s t i n c t  p e r i o d  o f  t i m e  
d u r i n g  w h i c h  no e p i s o d e s  o f  d e f o r m a t i o n  have  o c c u r r e d .
A l l  o f  t h e  f o l d s  m a i n t a i n  t h e i r  s l o p e  a n g l e s  f r om t h e  b o t t o m  t o  
t h e  t o p  o f  a  p a c k a g e .  U n c o n f o r m i t i e s  a r e  s h a r p l y  d e f i n e d  w i t h  no 
e v i d e n c e  o f  i n t e r v e n i n g  l a k e  s e d i m e n t a t i o n .  These  s t r u c t u r e s  c o u l d  
n o t  have  b een  c a u s e d  by g r a d u a l  p r o c e s s e s  s u ch  as  d i f f e r e n t i a l  
c o m p a c t i o n  o r  s l o w p e r s i s t e n t  f a u l t i n g .  They p r o v i d e  unambiguous  
e v i d e n c e  t h a t  s h o r t  d i s c r e t e  e v e n t s  were  r e s p o n s i b l e  f o r  much o f  t h e  
d e f o r m a t i o n  i n  t h e  l a k e .
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When t h e  v e r t i c a l  e x a g g e r a t i o n  o f  t h e  p r o f i l e s  i s  r emoved ,  i t  i s  
e v i d e n t  t h a t ,  i n  a l l  c a s e s ,  d e f o r m a t i o n  ha s  o c c u r r e d  on e x t r e m e l y  
g r a d u a l  s l o p e s .  I t  i s  n o t  p o s s i b l e  t o  d e t e r m i n e  t h e  p r e c i s e  s l o p e  o f  
t h e  b e d r o c k  u n d e r l y i n g  t h e  s e d i m e n t s .  Bu t ,  j u d g i n g  f r om t h e  s e d i m e n t s  
t h e m s e l v e s ,  i t  seems t h a t  dovmward movement  on s l o p e s  o f  1 t o  2 
d e g r e e s  h a s  c a u s e d  w r i n k l i n g ,  f o l d i n g ,  b u c k l i n g ,  and f r a c t u r i n g ,  w h i l e  
s t i l l  p r e s e r v i n g  t h e  l a y e r i n g .  On s l o p e s  g r e a t e r  t h a n  2 t o  2 . 5  
d e g r e e s  mass  movement  g e n e r a l l y  ha s  d i s r u p t e d  l a y e r i n g .
A h y p o t h e t i c a l  e a s t - w e s t  c r o s s  s e c t i o n  o f  t h e  l a k e ' s  b o t t o m ( F i g .  
22 )  g i v e s  t h e  g e n e r a l  a l i g n m e n t  o f  f e a t u r e s .  Most o f  t h e  s t r u c t u r e s  
a r e  c l e a r l y  t h e  r e s u l t  o f  s u r f i c i a l  p r o c e s s e s ,  s u ch  as  s l u mp i ng  and 
p o s s i b l y  s c o u r i n g .  No s t r u c t u r e s  c o u l d  be shown u n a mb i gu o us l y  t o  have  
b een  p r o p a g a t e d  d i r e c t l y  f r om b e d r o c k  f a u l t i n g  t h r o u g h  t h e  s e d i m e n t a r y  
p i l e .
T h e re  i s  an o b v i o u s  n o r t h - n o r t h w e s t  a l i g n m e n t  t o  t he  g e n e r a l  
p a t t e r n  o f  d e f o r m a t i o n  ( F i g .  2 3 ) .  The e a s t e r n  t r o u g h  i s  c l e a r l y  an 
e x t e n s i o n  o f  t h e  f a u l t  c o n t r o l l e d  F l a t h e a d  g r a b e n .  The s t e e p n e s s  of  
t h e  t r o u g h  and t h e  r e c e n t  d e f o r m a t i o n  on b o t h  o f  i t s  s i d e s  s u g g e s t  
t h a t  t h e  g r a b e n  i s  s t i l l  b e i n g  a c t i v e l y  f a u l t e d .  By c r e a t i n g  u n s t a b l e  
s l o p e s  t h a t  s lumped d u r i n g  a d i s t u r b i n g  e v e n t ,  r e c e n t  a c t i v e  f a u l t i n g  
may have  been  r e s p o n s i b l e  f o r  d e f o r m a t i o n .  A l t e r n a t i v e l y ,  t h e  
u n s t a b l e  s l o p e s  may have  been  p r o d u c e d  by norma l  d e p o s i t i o n a l  
p r o c e s s e s ,  w i t h  f a u l t i n g  r e s p o n s i b l e  o n l y  f o r  t h e  e v e n t s  t h a t  
t r i g g e r e d  d e f o r m a t i o n .  I n  t h i s  c a s e  t h e  a l i g n m e n t  o f  s lump s t r u c t u r e s  
a l o n g  e i t h e r  s i d e  o f  t h e  t r o u g h  d oe s  n o t  n e c e s s a r i l y  p r o v e  t h a t
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: )o ts  a r e  i n  l o c a t i o n s  where. ,  t h e  
s e d i m e n t a r y  d rap e  i s  r e l a t i v e l y  t h i n ,  
and o v e r l i e s  deform ed  s t r u c t u r e s  or  
o t h e r  i n t e r e s t i n g  f e a t u r e s ,  w hich  
may b e  r e a c h e d  and sa m p led  w i t h  a 
20 f o o t  l o n g  c o r e r .
/
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n o r t h - n o r t h w e s t  t r e n d i n g  f a u l t s  a r e  s t i l l  a c t i v e .
S e v e r a l  i s o l a t e d  o c c u r r e n c e s  o f  d e f o r m a t i o n  i n  Big Arm Bay c o u l d  
h av e  b e e n  p r o d u c e d  by l o c a l i z e d  f a u l t i n g .  But s i n c e  t h e y  a r e  found  
i m m e d i a t e l y  b e n e a t h  t h e  d r a p e ,  t h e y  were  p r o d u c e d  a t  t h e  same t i m e ,  
a n d ,  mos t  l i k e l y ,  by t h e  same e v e n t s  wh i ch  a f f e c t e d  t h e  r e s t  o f  t h e  
l a k e .  P e r h a p s  t h e  r e c e n t  e a r t h q u a k e  a c t i v i t y  i n  t h a t  a r e a  i s  r e l a t e d  
t o  c r u s t a l  movement  t h a t  i s  n o t  b e i n g  t r a n s l a t e d  t h r o u g h  b e d r o c k  t o  
t h e  s u r f a c e .
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CHAPTER V 
ADDITIONAL DISCUSSIONS
A r a t e  o f  d e p o s i t i o n  f o r  r e c e n t  s e d i m e n t a t i o n  i n  t h e  l a k e  ha s  n o t  
b e e n  d e t e r m i n e d ,  and t h i s  p r e s e n t s  t h e  m a j o r  d i f f i c u l t y  in  s p e c i f y i n g  
t h e  k i n d  o f  e v e n t  wh ich  c a u s e d  t h e  d e f o r m a t i o n ,  A p r e v i o u s  s t u d y  by 
J o y c e  ( 1 9 8 0 )  h a s  e s t i m a t e d  t h e  r a t e  t o  be 1 t o  1 . 5  c m / y r .  Th i s  
e s t i m a t e ,  wh i ch  i s  t e n u o u s ,  was b a s e d  on c o u p l e t s  f r om a s i n g l e  c o r e ,  
wh ich  c o u l d  n o t  be c o r r e l a t e d  w i t h  a d j a c e n t  c o r e s ,  and which  may n o t  
ha ve  r e p r e s e n t e d  a n n u a l  d e p o s i t s .
T h e re  a r e  t o o  many f a c t o r s  i n v o l v e d  i n  s e d i m e n t a t i o n  r a t e s  f o r  
c o m p a r i s o n s  w i t h  o t h e r  l a k e s  t o  be e s p e c i a l l y  m e a n i n g f u l .  F l a t h e a d  
Lake d o e s  have  a r e l a t i v e l y  l a r g e  d r a i n a g e  a r e a .  But t o p o g r a p h y ,  r o c k  
r e s i s t a n c e ,  and c l i m a t e  a l s o  p l a y  i m p o r t a n t  r o l e s  i n  d e t e r m i n i n g  t he  
q u a n t i t i e s  o f  s e d i m e n t  t r a n s p o r t e d  i n t o  t h e  l a k e .  O th e r  ma jo r  
m o u n t a i n  l a k e s  s u c h  a s  Lake Tahoe (Hyne e t  a l ,  1 9 7 4 ) ,  Y e l l o w s t o n e  Lake 
( O t i s  e t  a l ,  1 9 7 7 ) , Okanagan Lake ( S t .  J o h n ,  1 9 7 3 ) ,  and G a r i b a l d i  Lake 
(Ma t t hews  e t  a l ,  1976)  have  had s e d i m e n t a t i o n  r a t e s  r e p o r t e d  t o  be  .1 
t o  1 mm/yr .  T h i s  i s  a t  l e a s t  an o r d e r  o f  m a g n i t u d e  l ower  t h a n  J o y c e ' s  
e s t i m a t e .  On t h e  o t h e r  h a n d ,  G i l b e r t  ( 1 97 5 )  h a s  fo un d  v a r v e d  c o u p l e t s  
i n  L i l l o o e t  L a ke ,  B . C . ,  wh i c h  r a n g e  i n  t h i c k n e s s  f r om  1 . 6  t o  9 . 3  cm. 
Seven  p e r  c e n t  o f  L i l l o o e t  L a k e ' s  d r a i n a g e  b a s i n  i s  s t i l l  c o v e r e d  by 
a c t i v e  g l a c i e r s ,  and t h i s  may e x p l a i n  i t s  much h i g h e r  r a t e  o f  
s e d i m e n t a t i o n .  Varved d e p o s i t s  f rom P l e i s t o c e n e  g l a c i a l  and 
p r o g l a c i a l  l a k e s  o f t e n  have  c o u p l e t s  r o u g h l y  one  t o  t e n  cm. t h i c k  
(Shaw,  1977;  C u r ry  e t  a l ,  1 9 7 7 ) ,  t h u s  t h e  h i g h  r a t e  o f  s e d i m e n t a t i o n
67
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i n  L i l l o o e t  Lake may be p r i m a r i l y  t h e  r e s u l t  o f  a c t i v e  g l a c i a l  
e r o s  ion  .
The u n d i s t u r b e d  s e d i m e n t a r y  d r a p e  which  o v e r l i e s  a l l  o f  t h e  
d e f o r m e d  s t r u c t u r e s  r a n g e s  f rom 10 t o  40 f e e t  i n  t h i c k n e s s ,  w i t h  an  
a v e r a g e  t h i c k n e s s  o f  a b o u t  25 f e e t .  Wi th a s e d i m e n t a t i o n  r a t e  o f  1 
c m / y r ,  t h e  d r a p e  would r e p r e s e n t  a t h o u s a n d  y e a r s  o f  d e p o s i t i o n ,  A 
lower  r a t e  o f  1 mm/yr would mean t h a t  t h e  l a s t  m a jo r  d i s t u r b a n c e  
o c c u r r e d  t e n  t h o u s a n d  y e a r s  a g o .  I n  a d d i t i o n  t o  c h a n g i n g  t h e  a g e s  o f  
t h e  d e f o r med  s t r u c t u r e s  by an o r d e r  o f  m a g n i t u d e ,  t h e  d i f f e r e n t  
d e p o s i t i o n a l  r a t e s  a f f e c t  t h e  r a n g e  o f  i t s  p o s s i b l e  c a u s e s ;  a b o u t  t e n  
t h o u s a n d  y e a r s  ago t h e  l a s t  g l a c i e r  t o  c o v e r  t h e  l a k e  was r e c e d i n g .
I f  t h e  lo w er  r a t e  o f  s e d i m e n t a t i o n  i s  a c c u r a t e ,  t h e r e  a r e  a 
v a r i e t y  o f  p o s s i b l e  c a u s e s  f o r  many o f  t h e  d i s t u r b e d  f e a t u r e s .  
G l a c i e r s  do not  a lw a y s  s c o u r  to  b e d r o c k .  O t i s  e t  a l  (1977)  c l a i m  t h a t  
in  Y e l l o w s t o n e  Lake t h e  B u l l  Lake and P i n e d a l e  s t a d e s  c a u s e d  
n e g l i g i b l e  s c o u r i n g  o f  th e  l a k e  s e d i m e n t s .  On a s m a l l e r  s c a l e ,  la k e  
s e d i m e n t s  u n c o v e r e d  d u r i n g  t h e  l a s t  tw en ty  to  t h i r t y  y e a r s  by the  
r e t r e a t i n g  A u s t e r d a l s i s e n  G l a c i e r  in  Norway show no e v i d e n c e  o f  
d e f o r m a t i o n ,  or  e v e n  o f  h a v in g  b een  o v e r r i d d e n  ( T h e a k s t o n e ,  1 9 7 6 ) .  In  
a n o t h e r  a r e a  t i l l  has  b e e n  found  d e p o s i t e d  o v e r  s l i g h t l y  s h e a r e d  l a k e  
beds  (H a n s e n ,  e t  a l ,  1 9 6 1 ) .  Thus i t  i s  p o s s i b l e  t h a t  s e d i m e n t s  
u n d e r l y i n g  t h e  d rap e  c o u l d  have  b een  d e p o s i t e d  i n  a p r e - P i n e d a l e  l a k e ,  
dammed by an o l d e r  and p o s s i b l y  no l o n g e r  a p p a r e n t  m o r a i n e .  Loading  
and p a r t i a l  s c o u r i n g  o f  s l o p e  s e d i m e n t s  c o u l d  have  b een  c a u s e d  by  
norm al  i c e  movement d u r in g  t h e  g l a c i a l  a d v a n c e .  S lumping c o u l d  have
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b e e n  a s s o c i a t e d  w i t h  t h e  g l a c i a l  r e t r e a t ,  when s e d i m e n t s  on t he  
s c o u r e d  and  o v e r s t e e p e n e d  s l o p e s  o f  t h e  t r o u g h  became u n s t a b l e .  
T r ough  f i l l i n g  c o u l d  be t i l l  o r  d e l t a i c  ou t wash  shed f rom t h e  
r e t r e a t i n g  g l a c i e r  i n t o  i t s  p r o g l a c i a l  l a k e .  Deeper  i c e  b u r i e d  by 
p r o g l a c i a l  l a k e  s e d i m e n t s  s hed  by a r e t r e a t i n g  g l a c i e r  has  b een  shown 
t o  s t a y  f r o z e n  f o r  s i g n i f i c a n t  p e r i o d s  o f  t i m e  ( G u s t a f s o n ,  1 9 7 5 ) .  
I t ' s  g r a d u a l  m e l t i n g  can  c a u s e  t h e  f o r m a t i o n  of  a v a r i e t y  o f  
s t r u c t u r e s  i n  t h e  o v e r l y i n g  s e d i m e n t s  i n c l u d i n g  c on v e x l y  c u r v e d  
mounds ,  g r a b e n s ,  and back  d i p p i n g  b l o c k s  (Shaw,  1977;  
G u s t a f s o n ,  1 9 7 5 ) .  I n  an  i n t r o d u c t i o n  t o  a b i b l i o g r a p h y  o f  a r t i c l e s  
d e a l i n g  w i t h  p e n e c o n t e m p o r a n e o u s  d e f o r m a t i o n  o f  s e d i m e n t s ,  Sims (1978)  
s t a t e s  t h a t  i t  i s  becoming i n c r e a s i n g l y  e v i d e n t  t h a t  many s t r u c t u r e s  
wh i c h  i n  t h e  p a s t  were  assumed to  be t e c t o n i c a l l y  d e r i v e d  c o u l d  a l s o  
have  b een  p r o d u c e d  a s  a  r e s u l t  o f  g l a c i a l  a c t i o n .
The p r o f i l e s  do p r o v i d e  some e v i d e n c e  t h a t  s e r i o u s l y  weakens  t h e  
a r gu me n t  f o r  a g l a c i a l  o r i g i n  o f  t h e  s t r u c t u r e s .  T e r m i n a l  m o r a i n e s  
e x t e n d  a l l  o f  t h e  way a c r o s s  t h e  v a l l e y  a t  P o i s o n  and c o m p l e t e l y  
a c r o s s  t h e  l a k e  a t  F i n l e y  P o i n t  and t h e  Na r rows ;  y e t  t h e r e  i s  no 
e v i d e n c e  o f  t i l l  o r  g l a c i a l  d i s t u r b a n c e  i n  l a r g e  a r e a s  o f  t h e  w e s t e r n  
s h e l f ,  wh i ch  have  v e r y  t h i c k ,  smo o t h ,  and u nd ef o r me d  p a ck a ge s  o f  l a k e  
s e d i m e n t s .  The p r o f i l e s  a l s o  show no e v i d e n c e  o f  a l a k ew i de  l a y e r  o f  
t i l l ,  wh ic h  s h o u l d  have  b een  d e p o s i t e d  by a r e t r e a t i n g  g l a c i e r .  I f  
t h e  ma in  t r o u g h  was s c o u r e d  by g l a c i a l  a c t i o n ,  f o l d s  u n d e r l y i n g  i t  
s h o u l d  show some e v i d e n c e  o f  b e i n g  d r a g g e d  o r  o v e r t u r n e d  t o  t h e  s o u t h ,  
b u t  t h e y  d o n ' t .
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A 1 cm/ y r  r a t e  o f  s e d i m e n t a t i o n  would p r e c l u d e  any g l a c i a l  
i n f l u e n c e  i n  t h e  f o r m a t i o n  o f  t h e  s t r u c t u r e s  i m m e d i a t e l y  u n d e r l y i n g  
t h e  d r a p e .  R e g a r d l e s s  o f  t h e  t i me  of  t h e i r  o c c u r r e n c e ,  t he  d i s t u r b i n g  
e v e n t s  c o u l d  have  been  v e r y  l a r g e  e a r t h q u a k e s .  I f  t h e  t i m e  o f  
d e f o r m a t i o n  was no more t h a n  o n e ,  o r  even  s e v e r a l ,  t h o u s a n d  y e a r s  a g o ,  
a m a j o r  e a r t h q u a k e  c o u l d  have  been  t h e  o n l y  p o s s i b l e  c a u s e .
Much r e s e a r c h  ha s  been  done on t h e  f o r m a t i o n  o f  s m a l l  s c a l e  
f e a t u r e s  which  r e s u l t  f rom t h e  l i q u i f a c t i o n  o f  u n c o n s o l i d a t e d  
s e d i m e n t s  s u b j e c t  t o  v i o l e n t  s h a k i n g  (Kuenen ,  1958;  S ims ,  1 9 7 5 ) ,  b u t  
f ew s t u d i e s  d e a l  w i t h  r e s u l t i n g  l a r g e  s c a l e  s t r u c t u r e s  , a s i d e  f rom 
t h e i r  g r o s s e s t  d e t a i l s .  The mos t  p e r t i n e n t  work was done i n  t he  
a f t e r m a t h  o f  t h e  g r e a t  A l a s k a n  e a r t h q u a k e  o f  1964.  The t r e m o r s  c a u s e d  
m a s s i v e  s u b a q u e o u s  s l um p i ng  and g r a v i t y  f l o w s ,  p r i m a r i l y  o f f  o f  t h e  
f r o n t s  o f  d e l t a s .  S t u d i e s  o f  t h e  Copper  R i v e r  D e l t a , A l a s k a , by 
R e i m n i t z  (1 9 7 2 )  and R e i m n i t z  and  M a r s h a l l  ( 1 9 6 5 )  showed a g e n e r a l  
s t e e p e n i n g  o f  a l l  d e l t a  s l o p e s .  The s t e e p e s t  s l o p e s ,  w i t h  
i n c l i n a t i o n s  o f  up t o  9 d e g r e e s  had v e r y  i r r e g u l a r  and hummocky 
t o p o g r a p h i e s .  Long g r a d u a l  s l o p e s  showed b l o c k s  o f  c o h e r e n t  
r e f l e c t o r s  o f f s e t  by s lump s c a r s  w i t h  s l o p e s  o f  5 t o  2 . 5  d e g r e e s ,  and 
up t o  100 f e e t  o f  d i p  s l i p .  The r e f l e c t o r s  i n  t h e  b l o c k s  showed a 
v e r y  s l i g h t  upward c o n v e x i t y .  E r o s i o n  by t h e  t s u n a m i  and s e i c h e s  
f o l l o w e d  by a r e t u r n  t o  n o r ma l  p a t t e r n s  o f  d e p o s i t i o n  t e r m i n a t e d  many 
o f  t h e s e  s t r u c t u r e s  w i t h  u n c o n f o r m i t i e s .  S i m i l a r  s t r u c t u r a l  p a t t e r n s  
were  e v i d e n t  i n  Ke na i  La ke ,  A l a s k a ,  where  McCol luch  ( 1 9 66 )  compared 
p r e - e a r t h q u a k e  and p o s t - e a r t h q u a k e  l a k e  b o t t o m  c o n f i g u r a t i o n s .  S l i d e s
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came o f f  o f  t h e  m a r g i n s  o f  a l l  d e l t a s  i n  t h e  l a k e .  Slump s c a r p s  were  
c u r v e d  c o n c a v e l y  u p wa rd ,  i m p l y i n g  t h a t  r o t a t i o n a l  s l um p i ng  had 
o c c u r r e d .  A r e a s  o f  d e p o s i t i o n  c o u l d  be c l e a r l y  d i s t i n g u i s h e d  by t h e i r  
r o u g h  b o t t o m  t o p o g r a p h y .  I n  p r o f i l e s  t h e  volume o f  m a t e r i a l  removed 
e x c e e d e d  t h e  volume o f  m a t e r i a l  d e p o s i t e d  a t  t h e  b a s e .  L a t e r a l  
s p r e a d i n g  was shown t o  have  a c c o u n t e d  f o r  some o f  t h e  d i f f e r e n c e .  The 
r e s t  mus t  have  b e e n  t h e  r e s u l t  o f  c o m p a c t i o n .  S l i d i n g  p r o d u c e d  two 
t y p e s  o f  m a j o r  wa ves ,  one o f  wh i ch  i n t e r a c t e d  w i t h  t h e  s l i d e  d e b r i s ,  
e n t r a i n i n g  much o f  i t s  m a t e r i a l ,  and t r a n s p o r t i n g  i t  a c r o s s  low 
s l o p e s ,  a s  f a r  a s  5000 f e e t  away f r om i t s  s o u r c e .
D e f o r m a t i o n a l  p a t t e r n s  i n  A l a s k a  sound v e r y  s i m i l a r  t o  t h o s e  
f o u n d  i n  F l a t h e a d  L a k e .  U n f o r t u n a t e l y ,  most  o f  t h e  p r o f i l i n g  work 
done i n  A l a s k a  was w i t h  i n s t r u m e n t s  t h a t  e i t h e r  d i d  n o t  p e n e t r a t e  
b e n e a t h  t h e  l a k e  b o t t o m ,  o r  d i d  so w i t h  s u c h  low r e s o l u t i o n ,  t h a t  i t  
i s  n o t  p o s s i b l e  t o  s e e  t h e  f i n e  p o i n t s  o f  s t r u c t u r e s ,  s uch  a s  t h e i r  
l a y e r i n g ,  o r  l a c k  o f  i t .
Based  on what happened  i n  A l a s k a ,  one  or  more major e a r t h q u a k e s  
around  F l a t h e a d  Lakes  c o u l d  h ave  c a u s e d  s lu m p in g  o f  b l o c k s  o f  s e d im e n t  
on g r a d u a l  s l o p e s  and a c o m p l e t e  l o s s  o f  c o h e s i o n  o f  s e d i m e n t s  on 
s t e e p e r  s l o p e s  on th e  f r o n t  o f  t h e  d e l t a  and t h e  s i d e s  o f  th e  main  
t r o u g h .  In  t h i s  c a s e  a l l  o f  t h i s  e r o d e d  m a t e r i a l  would now make up 
t h e  c h a o t i c  t r o u g h  f i l l i n g .
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Such a s c e n a r i o  a d e q u a t e l y  a c c o u n t s  f o r  a l l  o f  t h e  s t r u c t u r e s  and 
t h e  l o c a l i z a t i o n  o f  d e f o r m a t i o n ,  b u t  i t  has  o t h e r  s e r i o u s  w e a k n e s s e s .  
A l a s k a  h a s  a h i s t o r y  o f  e x t r e m e l y  l a r g e  e a r t h q u a k e s .  No t h i ng  on t h a t  
s c a l e  i s  known e v e r  t o  have  o c c u r r e d  anywhere  a r o u nd  F l a t h e a d  La ke .  
S m a l l e r  e a r t h q u a k e s  have  been  common a r ou nd  t h e  l a k e ,  y e t  t h e r e  i s  no 
e v i d e n c e  o f  any  r e c e n t  s m a l l  s c a l e  s l u m p i n g .  Y e l l o w s t o n e  Lake has  had 
some o f  t h e  h i g h e s t  m a g n i t u d e  e a r t h q u a k e s  o f  t h e  r e g i o n  o c c u r  i n  i t s  
v i c i n i t y ,  y e t  s t u d i e s  have  d e s c r i b e d  no s t r u c t u r e s  s i m i l a r  t o  t h o s e  
f o u n d  i n  F l a t h e a d  Lake ( O t i s ,  e t  a l ,  1 9 7 7 ) .  The m a g n i t u d e  7 . 1  
e a r t h q u a k e  a t  Hebgen Lake c a u s e d  m a j o r  l a n d s l i d e s  and l a k e  s e i c h e s .  
Yet  l i t t l e  e v i d e n c e  o f  any m a j o r  s u baq u e ou s  s l um p i ng  o r  o f  o t h e r  
s i g n i f i c a n t  c h a n g e s  i n  t h e  l a k e ' s  s e d i m e n t s  was found  i n  b o t t o m 
p r o f i l e s  ( J a c k s o n ,  1 9 6 4 ) .  The s t r e n g t h  o f  t h e  1964 A l a s k a  e a r t h q u a k e  
was a t  l e a s t  an  o r d e r  o f  m a g n i t u d e  g r e a t e r  t h a n  a n y t h i n g  known t o  have  
o c c u r r e d  in  t he  N o r t h e r n  Rocky Mounta i n  r e g i o n .  These  s m a l l e r  
e a r t h q u a k e s  do n o t  seem t o  have  c o m p ar a b l e  e f f e c t s  on u n c o n s o l i d a t e d  
s e d i m e n t s .  Any a r gumen t  t h a t  r e q u i r e s  a m a g n i t u d e  8 e a r t h q u a k e  t o  
have  o c c u r r e d  n e a r  F l a t h e a d  Lake i n  t h e  l a s t  t h o u s a n d  y e a r s  i s  
somewhat  q u e s t i o n a b l e .  However ,  i t  i s  v e r y  p o s s i b l e  t h a t  d i f f e r e n c e s  
i n  p a t t e r n s  and r a t e s  o f  s e d i m e n t a t i o n  a l o n g  w i t h  s l o p e  i n s t a b i l i t i e s  
r e s u l t i n g  f r om f a u l t  movements  m i g h t  have  made F l a t h e a d  Lake more 
s u s c e p t i b l e  t o  s l um p i ng  t h a n  e i t h e r  Y e l l o w s t o n e  o r  Hebgen L a k e s ,  and 
p e r h a p s  a l l  t h a t  was n e c e s s a r y  t o  t r i g g e r  d e f o r m a t i o n  was a m a g n i t u d e  
6 . 5  t o  7 e v e n t .
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I f  an  a c c u r a t e  r a t e  o f  s e d i m e n t a t i o n  i s  p r o v i d e d  by f u r t h e r  
s t u d i e s ,  i t  would  be e x t r e m e l y  h e l p f u l  i n  r e s o l v i n g  which  t y p e  of  
e v e n t  c a u s e d  t h e  d e f o r m a t i o n .  20 f o o t  long  c o r e s  may be a b l e  t o  
p e n e t r a t e  be lo w t h e  d r a p e  i n  s e l e c t e d  a r e a s  and d e t e r m i n e  t h e  
c o m p o s i t i o n  of  t h e  c h a o t i c  t r o u g h  f i l l i n g .  F i g .  23 ,  which  shows t h e  
g e n e r a l  d i s t r i b u t i o n  o f  d e fo r m e d  s t r u c t u r e s ,  a l s o  p r o p o s e s  s e v e r a l  
s u i t a b l e  c o r i n g  s i t e s  where  a  r e l a t i v e l y  t h i n  d r a p e  o v e r l i e s  a 
d e f o r me d  s t r u c t u r e  ( S e v e r a l  s u ch  s i t e s  a r e  a l s o  n o t e d  i n  t h e  l i n e  
d r a w i n g s  i n  A p pe nd i x  2 ) .  M i c r o s t r u c t u r e s  i n  s e d i m e n t a r y  l a y e r s  
i m m e d i a t e l y  be lo w t h e  b a s e  o f  t h e  d r a p e  may p r o v i d e  u s e f u l  e v i d e n c e .  
Sma l l  l o a d  c a s t s ,  s t r i n g e r s ,  and h e a v e - u p  s t r u c t u r e s  found  b e n e a t h  t he  
u n c o n f o r m i t y ,  even  i n  und e fo r me d  s e d i m e n t s ,  would i n d i c a t e  t h a t  
l i q u i f a c t i o n  had t a k e n  p l a c e  ( S i m s ,  1 9 7 5 ) .  Such s t r u c t u r e s ,  c o n f i n e d  
t o  i n d i v i d u a l  s t r a t i g r a p h i e  h o r i z o n s ,  b u t  s p r e a d  o v e r  l a r g e  a r e a s  of  
t h e  b a s i n  wh i ch  had n o t  had s l um p i ng  o r  s l o p e  f a i l u r e  would p r o v i d e  
c o n c l u s i v e  p r o o f  o f  l a r g e  s c a l e  e a r t h q u a k e  a c t i v i t y .  On t h e  o t h e r  
h a n d ,  m i c r o s t r u c t u r e s  w i t h  u n i f o r m l y  o r i e n t e d  o v e r t u r n e d  f o l d s  and 
f a u l t s  would  have  been  c a u s e d  by s h e a r  s t r e s s e s  mos t  p r o b a b l y  due t o  
g l a c i a l  o v e r r i d i n g .  Al so  t h e y  s h o u l d  be o v e r l a i n  by a t  l e a s t  a t h i n  
l a y e r  o f  t i l l .
T h r ough  i t s  r e c e n t  p a s t  F l a t h e a d  Lake s e d i m e n t s  have been  s u b j e c t  
t o  p e r i o d i c  e p i s o d e s  o f  d e f o r m a t i o n .  The s h a l l o w  n a t u r e  o f  t h e  
d i s t u r b a n c e s  does  n o t  n e c e s s a r i l y  e l i m i n a t e  t h e  p o s s i b i l i t y  t h a t  one 
o r  b o t h  s i d e s  o f  t h e  t r o u g h  a r e  b e i n g  f a u l t e d  a s  S t i c k n e y ' s  ( 1 98 0)  
m i c r o e a r t h q u a k e  e v i d e n c e  s u g g e s t s .  I n  P r i n c e  W i l l i a m  Sound,  A l a s k a ,
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and Y e l l o w s t o n e  Lake e v i d e n c e  f o r  f a u l t i n g  was a l s o  s u r p r i s i n g l y  
s p a r s e  (Von Huene e t  a l ,  1967;  O t i s  e t  a l ,  1 9 7 7 ) .  Holocene  s e d i m e n t s  
i n  P r i n c e  W i l l i a m  Sound were  n o t  de f o r med  even  i n  zones  where  a c t i v e  
f a u l t s  c o u l d  be p r o j e c t e d  f r om l a n d  i n t o  t h e  so un d .  S i m i l a r l y  
F l a t h e a d  Lake s e d i m e n t s  may be r e s p o n d i n g  t o  b e d r o c k  t e c t o n i s m  w i t h o u t  
e x t e n s i v e  i n t e r n a l  d e f o r m a t i o n .  The f a c t  t h a t  Ho l ocene  d e p o s i t i o n  ha s  
n o t  f i l l e d  t h e  t r o u g h ,  and t h e  a l i g n m e n t  o f  s l umps  and s c o u r s  on b o t h  
o f  i t s  s i d e s  may be e v i d e n c e  f o r  a c t i v e  f a u l t i n g  o f  t h e  F l a t h e a d  
g r a b e n .  A l t e r n a t i v e l y ,  u n s t a b l e  s e d i m e n t s  c o u l d  have  been l e f t  on t he  
s l o p e  by n or ma l  d e p o s i t i o n a l  p r o c e s s e s .
S e t s  o f  deform ed  s t r u c t u r e s  s i m i l a r  in  d e t a i l  t o  t h o s e  fou n d  in  
F l a t h e a d  Lake have  n o t  b een  d e s c r i b e d  i n  o t h e r  p u b l i s h e d  a r t i c l e s .  
S i n c e  f ew  o t h e r  l a c u s t r i n e  s u b - b o t t o m  p r o f i l i n g  s t u d i e s  have produced  
r e c o r d s  w i t h  th e  same d e t a i l  and r e s o l u t i o n ,  i t  i s  n o t  y e t  p o s s i b l e  t o  
j u d g e  how u n iq u e  t h e s e  f e a t u r e s  a r e .
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C GUTüî ’ L l î r S  FOH : i r n i T I Z I f . G  I’ fi'JF’ IL".  LI: I . :S III r ' l E CORRECT FORMAT.
C Tt)n t i r r . t  t - i o  [ < o l n t s  i n  fjd/  n e ' l U' Mi rj  jc<; t l i j  e n d  r e t e r o n c e
C p o i n t s  o r  n r ; o j M » n t .  T h e  j o  s h o i i l d  h » d i g i t i z e d  a t  t ^i e  h a s e
c  o f  t h e  w h i t e  n i r g i n  a t  t h e  toL> o f  t h e  ,» i j e  a t  t h e  e n d  p o i n t s
C o t  a p r o f i l e  s e g m e n t  s m a l l  e n o ’i g h  t o  t i t  o n  t h e  d i g i t i z i n g
c  t a h i  1 , Vh' i sr;  p o i n t s  ' i l  11 h o  i n t e r p r e t o i  i s  w a t e r  l e v e l ,
c  ( i l e t o r e  l i g i t i ? i n j  w e j i n j  t h e  p r o t i l e  . s hcu! <1 b e  a l i g n e d  s o
c  t h a t  t h e  Y v a l u - ' s  o f  t h e  r o f e r o n c o  p o i n t s  a r e  w i t h i n  , "  5' '
C i n c l i o s  o r  e a c h  o t n e r .
c  P e l a y  c t n n g e s ,  1 1  ne  numb " r s ,  i n i  v i r t i c e l  s c a l e s  a r e  p u t  i n
c  t h r o u g h  t h e  u s e  o (  t h e  me n u  p icM i g " l e . s c i  i b f u l  i n  J o h n
C t ' C h u i s t o n ' s  P s T - ' A h i o  p r o ' j r  11 . j e l  , iy c h j a . j o s  a n d  l i n e  n u i r b e r s
C m u s t  !>e p u t  i n  a f t e r  t h o  d i g i t i z e d  p o i n t  t i n t  t h e y  r e f o r  t o .
c  V e r t i c a l  s c a l e  l - ' u g t h s  m u s t  h e  p i i t  i n  a f t e r  t h e  f i r s t  p o i n t
c  d i g i t i z e d  f o l l o w i n g  t h e  r e f e r e n c e  p o i n t s .  S e c t i o n s  w i t h
C d i f f e r e n t  v e r t i c i l  s c a l e  l e n g t h s  s h o u l d  b e  t r e a t e d  a s
c  s e p a r a t e  s e g m e n t s ,  w i t h  a ne w s o t  c t  r e f e r e n c e  [ o i r i t s .
c  Th e  f i r s t  t î ; r e e  s p a c e s  o f  t h e  mû nu or e  f o r  t h e  d e l a y
C ( a  t J o  d i g i t  d e l  ly m u s t  f i a v e  a : i  r. t u e  f i r s t  s p a c e ) ,
c  S p a c e  'I i s  a l w a y s  a h l a n h .  Ip a c e  s é - 1  i r  'i t o r  t h e  l i n o
c  n u r ' b a r .  f p a c o   ̂ i s  l e f t  h i  a n : .  And  s p i c e s  9 - 1 1  a r e  f o r  t h e
c  v e r t i c a l  s c a l e  l e n g t h  o f  t ! i e  p r o f i l e ,
c
c  FLAG !.‘3 I s  u s e d  t o  c o n c l u d e  l i n e  s e g . i i n t s .
c  FLAG i;3 i s  u s e  | , t t e r  t h e  c o m p l e t i o n  o f  a p r o f i l e  s e g m e n t .
C FLAG i/1 i s  u s e d  f o r  d e l e t i n g  i n c o r r  e c t  p o i n t s ,
c
C A f t e r  t h e  d i g i t i z e d  d a t a  i s  t r  a n  s u i i t t e d ,  r u n  <3( ; C.  i 'GMLIFi>
C B A T k j ^ . F d R  t o  p u t  t h e  m e n u  i n  t h e  c o r r e c t  f o r m a t .  T h e n
c  e x e c u t e  '"'JG'. l . F J R  t o  c r e a t e  a d a t a  f i l a  1 1 1 h a c t u a l  d i s t a n c e s
c  a n d  d e p t h s  o f  t h e  p o i n t s  o f  t f i o  t i r e s .  T h e  d a t a  f i l e  f o r
c  a n y  l i n e  i s  n a n e  I KFL' *. D*, T ( '  r up r c s ' Ui  t s  r  t w o  or  t h r e e
c  d i g i t  l i n e  n u m o e r ) .  The  f i l e  t i t l e ,  l i r a  c t i o n ,  a n d  n a p
c  d i s t  d i c e  i n  i n c h e s  a r c  p l a c e d  I n  t h o  f i l e  d i r e c t o r y
c  K F S r ' r . O ' . T .  P l o t s  o f  t h e  p r c f i l e  l i n *  i r  a w i n g  c a n  t h e n
c  b e  i i r o d u c o d  o n  t h e  C a l c o n i p  P l o t t e r  a t  a n y  s c a l e  Ly t h e
c  p r o g r a m  K U G C o . F u P
c  
c
c  r O G v l . F T '  t a k e s  d i g i t i z e d  m e a s u r e m e n t s  f r o m  t h e  d a t a
c  f i l e  f i A T ' s d . n U T ,  a n d  c o n v e r t s  t h i i  t o  e a s u r ^ - i . i e n t o ,  i n
c  f e e t /  o f  t h e  d i s t a n c e  I r o n  t l ' u  P e j i n i i n g  o f  t h e  p r o f i l e
c  a n d  t h e  d e p t h  b e l o w  w a t e r  l e v e l .  T>y  p r o g r . m  a s k s  t o r :
c  { ! )  t h e  1 3 , l e o f  t i i e  o u t p u t  d a t a  f i l e ;  ( 2 )  t h e  d i s t a n c e
c  f r o m  t h e  s t a r t  o f  t h e  p r o f i l e  t o  a n y  s e x t a n t  r e a d i n g s
c  a n d  t o  t i n  e n d  o f  t h e  p r o f i l e ,  ,ii u a s a r  eil  i n  i n c h e s
c  p l o t t e d  e n  a 7 . J '  n a p ;  a n d  ( 1 )  t h e  p r o f i l e
c  a i i g n r i e a ’- .  I t  t e m p o r a r i l y  s t o r e s  t n e  c o o r d i n a t e s
c  ' i n  a r r a y '  Y . i l i T  a n ’ Y Û ’.:’,  w h i l e  c o L u t i n j  ttu* n u i r t e r
c  o f  p o i n t ; ,  1 .  I s  t h  i n p l e c i  i n  t h e  f i r s t  l i n e  o f
c  t h e  I f ' s i j n a t e d  d e l  w f i l e ,  a l o n g  w i t h  t h e  H u e  n u n n e r .
c  T h e s e  a r e  f o l l o i ^ l  b y  i n ?  X, Y c o o r d i n a t e s  o f  e v e r y
C p o i n t  o f  t ^i e  l i n e  ( I' l  f e e t ) .
D1 ML- . S i o n  X!. I J :  ) ,  V u L P C - g h i  ) ,  X d ' . P P C ' ' )
DÜUJ! / :  I I C I S l ' l i  F. ' i édw/  I d A ' e  
' zypL =y:)
5 0 0  FOP '-' T C l - - ' , ' T Y ? h  'I* 1: OF I NPUT DATA F I L F :  ' S )
ACCL’̂ T : ,  I: ,  A "I F
6 0 0  FUP- MT ( . 1 /  )
T ' / P L  g h ; ,
3 0 P  FUF" i T d " ,  '  : YPF 'i l ' . 'L OF OUTPUT DATA F I L u  -  1 0  CHARACTERS
1 n s  Li  5 ( ' X A ' I P L G :  F F D 9 5 A . D A T  ' 3 )
ACCL’ T 4 f ,  FVAMd 
4 0 0  FJ; - "! i T ( ' . I ' )
l.'Pf.N ( UNTT = i ,  P' ; ' i l Cw = ' n i ' f ' ,  a CCF3 3  = ' S '  11 ’I ' , ' I ? : j f  =
1- ' A S C I I ' , i i L T  = Ih. f  IT)
C P E :l ( U ‘I I T = r ,  h r d '■ = ' D T F ' ,  ,A C C -p S S = ' S y d I') r  '  ,  ‘ IJ D F = '  A S Cl  I '  ,
1 ; - l L A ML)
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
8 0
TY?c;  1 3 ù
1 3 0  r c i u ' i A*  c : x , ' i , ‘i PUT ' ' A p  n i s T A - i c £  i ' i  i i i C ! i ? : s c  d ' : c .  p h c ‘; s )
1 OF STA’ T LF P P O F I L F ,  GFXTA' . T ROOS,  I F Ar.Y, .AtiD I ND
2 OF PROF I L L .  ( r . X & M P L ^ : 0 . C ' , ü . 2 4 , 1 2 . ^ R )  *S)
ACCEPT 1 ' : ,  ( X M A P P ( I ) , 1 = 1 , 1 V)
1 0 0  FUPMAT ( I C F )
TYP2  1 2 0
1 2 0  F O R H A T d  X , ' I S  THr.  P R O F I L E  NCR' K.L ( RELAY ASD SCALE
:  LL' lGTOf.  AT nJTTO*'  OF P AGE )  OR REVERSED (I)Y AAü SL
2 AT TOP u r  TYPE OR R:  * 3 )
ACCLi ' T 1 1 . ,  A H  G I;
1 1 0  FORMAT C l )
C LOOP S r l J  S CALES  FOR 'JL',1 SFGMLMT5
CO 9 v  K = - . ' , l  .
X M A P z r  ( »  ) - X  M A P P ( K - l )
TYPL 23-C ,  XYAP 
2 0 0 0  F U R O A T d " , !  , . 2 )
C F t A D  U I G Ï 7 I 2 F 0  FGD P O I L I G  OF P R O F I L E  SEGMENT.
PCAD ( c , l . )  X , Y , Z , ' f . l , S L  
1 0  FU^MST 2 , 1 > : , F 4 . 2 , 1 - X , ’. 3 , 1 X , A 3 / 1 > ; H - 3 . ' .  )
XKF.Fl  =>:
V R E F l =y
R L / D ( L , 1 ' '  ) X , V , 7 , N . ' , S L  
XRFF2=>:
C LOOP FOR COMPI LI NG ALL OF THK L I N T S  NI CNI N A SEGMENT
r o  8v  j = : , 2 ; '
NLX1T=C'
1 = 0
C LOOP CilR' l . FTS I H G C I / . L O  MATA OF I NÎ UVI R' JAL LI NE
C SEGMENT,  NU STORES IN AR-;AV,
DO 7 ' ] = I , 4 \ . r ' \
P C A D ( ' j , l -  ,  EM' = ; R)  X , Y , 7 . ,  N' I , SL  
I F  ( X . E O .  P O. N  J)  GO TO -S,
C NU' j J^R OP VERTI CAL FEE" PER INCH OF PROFI LS
I F  ( " L . N  . ^ )  Y3CAL = 3 L / 9 . 1
I F  ( NO .  C .  '  ' ) G 0  TO S3
GO TC 04
5 3  FLFL. ' .D 1-r. ,  X , Y , Z , N W  
ID NO
C CIIFC<S F I CH LI NE TO SEE I F  A NEW OFLAY FACTOR HAS BEEN PUT I K .
5 4  IF ( M. E O.  '  ' )  GO TO 3:
PiiPi'jAU i . ,  X / Y , ' . / ' ;  I
1 5  FOP' ' ^T( F  i . 2 , ! X , v * ' t . 2 , l X , F 3 . 3 ’ , i > : , 1 3 )
UELAY=P,
C CONVr. rTS P l G i r i Z E D  VSLOEC "C COW  ̂;:C ; EU VALUES l?l  FEET.
3 0  X=(  - r i  ) /  ( XW. . . EJ- XREFl  ) ) '  <o \ w )  + X E A p p ( K - l  > ) * 2 C 0  j .
V - ( ( Y - Y R  F I  ) ’ Yl C 1 L ) - P  - LI V  
C FACTOR O' l Cr *  C J C ’. l CTS  FOP U TFr'^MRCN" I LI ^NRENT OF
C PROFI LE IN LC ' AL Oi\ R^ V^ ^ S E ' ' O ù - S .
I F  ( i L I G ' . O Q . ' M ' )  Y = Y - (  .  • ’' YS CM. )
XDI s :  ( I  ) -c.
Y C L P ( I ) = V  
N=N+I  
7 0  CONTI NUE
GO TO 5.'
4 6  NEXi :  =1
5 0  k P l T  ( L ,  1 0 , . C' '
2 5  FURM.M'  ( I  i 9 )
DO t, '• 1 = ’ ,  •
tPIfc ( 5 , 2  ) X N I G T(I), Y D F t ' C I )
2 0  F O P " , T ( F . J . / / I X , F I " . 3 )
6 0  CONTI NIC
I F ( V . E , .  . ' i j  IG'J T J 
I F  ( . E X I T  . l Q .  1 )  G J  T J  9 9  
8 0  CONTI NOE
CO T ; 9 9 
yO CONTINUE
9 9  STOP
f. N D
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c  Kf j f r . ' j . FUi ’ t ô k o s  d a t a  f i l e s  c f  d i g i t i z e d  p r o f i l e s  a n d  p l o t s
c  p r o f i l e  l i n e  dr  r u n g s  o n  a Ca l c o i i i p  P l o t t e r .  T h e  d r a w i n g s
c can b e  p l o t t e d  f r o n  l e f t  t o  r i g h t  c r  r i g h t  t o  l e f t  w i t h
c  any h o r i z o n t a l  Find v e r t i c a l  s c n l i s  n h i c n  w i l l  n o t  e x c e e d
c  t h e  l i n l t s  o f  ! . h? p l o t t e r .  The  s t a n d a r d  s c a l e  f o r  b o t h  a x e s
c  i s  1 " =  2; ' - . '  ' .  i  2": 1 .  v e r t i c a l  e x a g g e r a t i o n  i n  t h e  p r o f i l e
c  can b" o ' t a i n e d  b y  r e  p i e  s t i n g  h o r i z o n t a l  a n d  v e r t i c a l  s c a l e
c  r u l t i p l i ' ' t  n ; 1 ,  T h e  n u  I t i p  1 1 e r s : . 1  w o u l d  g i v e  t h e
c  s a m e  e x a g g e r a t i o n  i n  i p r o f i l e  o n e  h a l f  t h e  s i z e .
D I M b h S n ' .  % i I ^ T ( l j j : ) , Y 3 b P ( 1 ^ 0 " ) ,  " T t T f b )
DOUPLF P - L C l S r i J \ ’ r i A d Z  
C 0 M ; r : ‘i / S - ' r . C b / 3 (  5 a )
9 1  CALL P L U ' b t l , : , : )
c  ppnr i bAM i s : : s  f j ?, l i h t , NUh h F P  a n d  l c u ^'t. f u h  d a t a  f i l e .
9 9  7YPL I ' K'
I d O  F D P t b ' T d . ; , ' T Y P i :  L I h L  9 ' b i n P R  % )
ACCEPT 1 •: ,  F N U n , F L E T  
1 5 0  F J P h 4 T ( F ) , A _ )
O P F . NC i Nl  ’ = ‘5 , Ü E V I C L = ' D 5 K ' / A C C F S 5 = ' 3 ' c Q l - J ' y F C ü E = ' A £ C I I * ,
1FIL:: = ' F - S T  i r . i ' A T ' )
DO 1 7  1 = L , 3 3  
P L A b ( 5 / 2  ' ) F  I L S n n , f i l l e t  
2 7  F ü F M ; T C 3 d 2 / 5 1  )
I F C F I L L E '  . I h J .  TO 0 7
I F ( C - ] L I i i ' > ;  . 1 : 0 .  F ' l U d )  .  AND.  { F r L L . d  . J O .  F L : " ) ) C O  TO 87  
CU Tv 17  
5 7  F I L L - T = '  '
I F ( F I L H U  ' . L Q .  FMUf DCO TO 1 1 7  
1 7  CONTINUE:
TYPE 47
4 7  F O P l i r t l ' / ' F I L E  NOT F O U N D ' )
GO TO 9 7  
8 7  P E R E I D i : 7 , P T i r ( 3 )
1 0 7  F 0 D d i T ( 3 Y , \ 3 )
CO TO 3 7
1 1 7 KLREA D i : ' 7 , F T i r O )
12 7 F OP ' l i 1 ( 3 ' / .  ‘ 4)
37 FLPLVD 5 7 / F N A I E , D I % , X MAP
57 FUPHA T(; . ' . V I I X , t î , l X , F j . : )
TYPE 1 5 7 , V ;.A : e , d I x ,  a  1 \ v
1 5 7 FOP' ! . ' T V. X, ;’i I . ,  1 ( ,  '» 5 ,  - X , F 5 . 2 )
CLOS' ( U N ' i - L , F I  L" . - = ' : . r . : ^ A. . P ,\T ' )
üPt ' N ( UN: T - n , D u V i C L = ' D S K '  , A C C E S S : ' Sc d IN ' , F O D E = ' A S C I I ' /
1 F I L .AML )
TYP: . i  )0 ■
1 0 0 0 FU'-MA T ( l ' . / i - i PU'  L^CAT I ON OF PLOT CP I vT N,  MD^I TOr . TAL AND
1 VL- TI C. . I. b C ' . LE  " U L T i " L I  1 S , and P I T"C TI UN P R O F I L E
2SUÜ' : l.a '! - P L - J ' l E P  ( x X i'I.-'L 2 / 2 , 1 /  » ■••/L
ACCE-' T 2 i . ' VEXP , PDI F ;
2 0 0 0 FOS' !- , T ( l - /  A3)
S ( l )  =A
S ( 2 )  = P
S ( 3 ) r •  !1L XP
S ( 4 )  = (5;- ' . / 2f. g g .  )*-VEXP
S ( 5 )  =A
E ( 5 ) T X . f . f . a " 2 .
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I F  ( ! ' D I H  . E g .  ' Ü - L ' )  GO TU 2üC 
€ 0  TU 2 1 '
2 0 0  S ( 5 ) = S ( S )
S ( 6 ) - - 0  
2 1 0  S ( 7 ) = - 5 j  .
S ( 0 ) = v .
S ( 9 ) = l .
S { 1 V )  = 1 .
F d u n o
S ( 1 2 ) = 9 .
S ( 1 3 ) = . l
S ( 1 4 ) = 2
5 ( 1 5 3 = 1
CALL L [ ' L i L I  ( ' : > !  3TS. ‘JC£ ( F T . ) ' , 1 4 / ' D E P T H  ( F T . ) ' , 1 1 , 1 1 , 1 1 , 0 , 0 )  
x H i  = p;, i'b%(f.' ,  1 , 1 )
YP1 = ^AI'L: ( '  ,  2 , 1 )
CALL ! ' L 0 ' C < P : , Y r ' l , 3 )
.XP2 = iM !’T P . , I  , 1  )
CALL P L a v ( Y P 2 , Y P l , ? >
F T i r c )  = ' r - ' . F I '  
r r i T ( 2 ) = ' L F  
P T I T ( 4 ) = ' 19
CALL T i l "  [  ( P r i T , :  ,  2 )
3 5  R E A D ( 5 , 1 5 , " N D  = 4 5 ) NU: )
1 5  F O P ' - d ' d )
DO 4'' 1 = 1 ,  g 'JU 
K E A D ( 5 , 2 ' ) X , Y  
2 0  FOPM- T( Ki  , .  2 , 1 X , F 1 - ' .  2 )
X U I 5 " ( I )  :X 
Y D L P ( I ) = y  
4 0  c o :j t t m ' £
c a l l  PLL I !.:-:( X. DI ST,  Y t » £ P , N U M , l , l , 2  )
GO ?L 3 5  
4 5  TYPE 2 4 ;
2 4 0  F OO ; ; » T C 1 " , ' D Q YOU UI 3 H TO HAY:  0 7 H F 9  PLOTS PONE CN THE
1 SA 'S S i : . £ l  /  AN S x  Y OR N *S)
ACCEPT 2 ; iOR£
2 5 0  f o r m ;, T d '  )
I F( M )•■'£. ■ Q.  ' Y ' )  GO TO 
X P P = X P 2 + >
i r ( D I F . 1 ^ . ' a - L ' ) X P ? = X ^ 1 + 4  
CALL PLOi  ( >: PP,  Y 1 ' 1 , 4 9 9 )
9 7  STOP
END
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Key f o r  L i n e  Drawi ngs
Undeformed s e d i m e n t a r y  d r a p e
C h a o t i c  Zone
L a y e r e d  R e f l e c t o r s
Ar e a  w h e r e  t h e  s e d i m e n t a r y  d r a p e  o v e r l i e s  de fo rmed  s t r u c t u r e s ,  
and  i s  t h i n  enough  t o  a l l o w  a 20 f o o t  l o n g  c o r e r  t o  
p e n e t r a t e  i n t o  t h e  d i s t u r b e d  zone .
A s i n g l e  l a y e r  o f  d o t s  n e a r  t h e  t o p  o f  t h e  s e d i m e n t a r y  p i l e ,  w i t h  
n o t h i n g  shown b e n e a t h  i t ,  d e n o t e s  an  a r e a  o f  h i g h  s i g n a l  a b s o r p t i o n .
Most  p r o f i l e s  h av e  a  2 0 : 1  v e r t i c a l  e x a g g e r a t i o n  w i t h  a  h o r i z o n t a l  
s c a l e  o f  1 "= 4 0 0 0’ . To a l l o w  an u n c u t  d i s p l a y  P r o f i l e s  6 and 27 we r e  
p l o t t e d  w i t h  a  23 : 1  v e r t i c a l  e x a g g e r a t i o n  and a  h o r i z o n t a l  s c a l e  o f  
l ' = 4 6 5 1 * .  F o r  t h e  same r e a s o n  P r o f i l e s  22 and 51 have  a  22:1  
v e r t i c a l  e x a g g e r a t i o n  and a  h o r i z o n t a l  s c a l e  o f  1 " =4 4 4 4 ’ .
Wor th  o r  E a s t  i s  a l w a y s  on t h e  r i g h t  s i d e  o f  t h e  p r o f i l e ,  and 
S o u t h  o r  West  i s  a l w a y s  on t h e  l e f t .  The p r o f i l e  t i t l e  g i v e s  t h e  
d i r e c t i o n  o f  t r a v e l .  Z e r o  on t h e  d i s t a n c e  s c a l e  d e s i g n a t e s  t h e  s t a r t  
o f  t h e  p r o f i l e .  Z e r o  on t h e  d e p t h  s c a l e  i s  a t  w a t e r  l e v e l .
See  F i g u r e  40 f o r  l o c a t i o n  o f  l i n e s .
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